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“lt is probable that the rise in water surface at Collinsville, due to a
bartier at the Point S8an Pablo site with equivalent gate area, would be less than
if Jocated at the Army Point site, but it would not be safe to reduce the gate
area at Point San Pablo for the reason that extreme tides through the Golden
Gate are more effective near the gate as evidenced by the fact that the tide of
November 18, 1918, at Presidio, was 0.7 feet higher than that of January 25,
1914, at which time the maximum clevation of water surface at Suisun City
was reached, '

“At the Army Point and Dillon Point sites the ship locks are considered
cffective in passing extremely large floods but they are not considered available
at the Point San Pablo site because of the greater necessity for keeping the
locks open to navigation at that site, even during great floods.

“The effect of a barrier at the Army Point site would be to reduce the
tidal volume passing the Golden Gate by less than 8% in comparison with
about 35% if it were built at the Point San Pablo site. The occurrence of
frequent high tides in the bays due to piling up of water in them as a result of
storms on the ocean would be to eliminate through construction of a barrier at
any one of the sites investigated. The effect on the elevations of tides below
the structure would be to raise them slightly according to the U. 8, Coast &
Geodctic Survey. .

“Noavigation and Bridge Traffic. Any plan for the control of salinity
involving the construction of a dam across the bay or river channels must be
coordinated with the requirements of navigation,

“Ship locks are provided in number and size to meet the requirements of
the present and immediate fature, Provision for ultimate traffic at the time
the barrier is constructed does not seem necessary since fiood control on the
upper rivers will improve to permit the replacement of flood gates by ship locks
as the need for them develops. A summary of the operation as it would have
occurred on July 6 and 7, 1925, is shown in Table 6-33.

“Although railroad and highway bridges are contemplated in most of the
designs they are not regarded as indispensable and are omitted in some in an-
ticipation of indifference on the part of railroad and highway interests toward
the opportunities afforded by the barrier. In the stidies made it is considercd
that traffic over them is subject at 2ll times to the convenience to navigation.
The bridges are designed to give a vertical channel of 50 feet above high water
when in the lowered position and 135 feet when raised, The interruptions to
bridge traffic, as they would have been on July 6 and 7, 1925, are summarized
in Table 6-40.

“An examination of Plates 2-3 and 2-4, showing depths in San Pable and
Suisun Bays, will indicatc the limitations placed upon commerce under present
tidal conditions. If the clevation of the water surface above the barrier were
maintained at about 2% feet above mean sea level, a constant depth equivalent
to that at mean high tide under present conditions, would be obtained. Uncer~
tain and varying tidal currents would be eliminated above the barrier and they
would be reduced in velocity below. The maintenance of a permanent water
level would not only be convenient for navigators but would be a material
benefit to owners of wharf property above the barrier.

“The farther downstream the barrier is located the more it will igterfere
with shipping. Locking requirements can be satisfied with least expense at the
Army Point site and conditions are most unfavorable at the Point San Pablo site,
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“Ihe construction of a barrier at the Point San Pablo site probably would

be Jooked upon with disfavor by the Navy Department for the reason that 1t

. would restrict free navigation through San Pabio Bay to the Mare Istand Navy

Yard by the neeessity of passing war vessels through ship locks. This objection
- does not apply to the Dillon Point, Benicia or Army Point sites.

“Stcrage in the Delta Chaunels and Bays. For convenience the calculated
storage in the tidal prism above cach barrier site, between clevations ~3.6 and
6.4 U, 8. G. S, Datum (0 and 10, U. 8. Engineer Datam}) has been sam-
marized In Table 7-2, Volume 11,

“Silt, The problem has been attacked with o
that would be detrimental to San Francisco H
disfavor by those in jurisdiction.

e idea that any strocture
arbor would be looked upon with
The investigation has not definitely deter-
mined the effect of a barrier apon silting. Conclusions must, therefore, take
the form of conjecture until studies more comprehensive than it wag possible
to make in this investigation have been completed.,

“The construction of a barrier at any one of the sites investigated may
possibly have a beneficial effect upon the Golden Gate bar rather than detri-
-mental, The movement of silt toward San Francisco Bay will be checked by
the construction of a barrier ar Army Peint, Benicia, or Dillon Point. A bene-~
ficial effect upon the Pinole Shoal wili resule through the construction of a
barrier at Army Point or Point San Pablo. The effect upon Pinole Shoal of a
barrier at Dillon Point is at present indeterminate, as is also
in San Francisco Bay of a barrier at Point San Pablo.

“Whether the scouring action of the tidal curr
destroy fixed channels in the bay system r

the effcet on silting

ent tends to maintain or
emains o be determined, Should
all in amount and the channels can
aps with less effort and expense than

aterial pumped into the marshes would build
their ferdlity,

‘readily be maintained by dredging, perh
without the barrier. Dredged m
them up and improve

“Saliity. " In years of normal river discharge there

It is menacing for a fow days in the fall only but, considering
the marshes surrounding the upper bays and the towns and industrial plants
“along their shores, the encroachment of salt water presents a serious problem
almost every vear,

15 no salinity prob-

“Conflict between irrigation interests in the apper valleys and in the delra
region wever will oceur in vears of large run-off for the yeason that in the
development of storage the constraction of expensive reservoirs to hold the
excessive run-ofl from the drainage area, occurring only once in 2 number of
ven though suflicient reservoir sites in which to
store all of the run-off were available,

“The introduction of salt water into the fresh water lake through the ship
ans are provided for drawing off this salt
water and thereby controlling the salinity of the water up=stream  from the
barrier,

“Lieakage of salt water past the flood gates, aithough comparatively small
In amount, can be prevented by maintaining the water surface above the barrier

“Deep gates, opening from the bottom, are essential to the siccessful oper:

aced upon them as 2 means of drawing
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off the heavier salt water which seeks the deep holes and chanuels, and for
flushing out the reservoir above the barrier.

“Unless fresh water is available for occasional Aushing, the reservoir above
the barrier will gradually become salty, Flushing can be accomplished quite
readily if water is available for that purpose. The studies of water supply, al-
though based on meager data, indicate that in normal years there will be from ‘
eleven to twelve million acre feet available for that purpese. In years of de- t

|
|

ficient water sapply there will be little, if any, fresh water available for flush-
ing and the reservoir above the barrier may have to hold over one or more years
without flushing.

“Return Flore, Return flow will increase wich irrigation development in
the upper valleys with the result that the salt menace in the delta will be alle-
viated; but, even though the return flow should increase to the 3500 second
feet estimated to be sufficient to act as a natural barrier against encroachment |
of salt water, the demand for water will be such that it could not be used for |
that purpese unless it is replaced by water from mountain storage.

“Control of Salinity by Storage i Mountain Resersoirs.  Salinity in
the delta can be controlled through construction of storage reservoirs in the
mountains from which water could be released during the season of low river
discharge in the amount necessary to act as a natural barrier against invasions
of salt water. Mountain storage would be a temporary expedient for the reason
that, ultimately, there will be use for all of the available fiow trom the rivers,
and the discharge into Suizun Bay and thence to the ocean, of water sufficient
to act as a natural barrier against salt, would be an economic waste, However,
storage created in mountain reservoirs constructed mainly for other purposes
might be used for some time to control the salinity in the upper bays and
delta channels during development of the requirement for full use of the
reservoirs for the purpose for which they were primarily constructed, thus de-
ferring the large investment in the salt water barrier.,

“Teredo. The factor of salinity is one of fundamental importance in
the distribution of teredo. The average lethal salinity for teredo navalis, the
species to be feared most in the upper bays, has been determined experimentally
as 5 parts per 1000; therefore, if the water above the barrier 1s maintained at
a concentration below the limit for irrigation use teredo can not exist there,

“Fish. Fishing industrics above the barrier, if constructed, should not
suffer for the reasen that, even though the fish ladder, which 1s an integral part
| of the structure, should fail to function, the fish would not be prevented from
[ entering the fresh water reservoir because they would have free accesss to it

through the ship locks which, under normal conditions, would be operated
many times throughout ecach day and night.

“Setpage. No investigation was made of the effect of the barrier upon
sewage, but from investigations made elsewhere it appears that fresh water will |
be better adapted for receiving sewage than either salt or brackish water since,
gallon for gallon, fresh water disposed in a normal manner of more sewage
than salt water, Lt will be best, in this respect, to keep the water above the
barrier fresh because the inteamittent admission of salt water interferes with
bacterial, animal and vegetable growths that effectively aid in taking carc of
and digesting sewage. -,

“Use of Water in Operation of the Barrier, The seven main sources of
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Joss of fresh water accompanyiag the operation of the barrier are evaporation
from the water surface of the reservoir created; water required for the opera-
tion of the ship locks; leakage around the flood gates; water used in operating
the fish ladder; and water to supply the requirements of industries, municipali-
ties and possibly irrigation. With the exception of losses past the flood gates
and through the fish ladder, which are constant for the same t

the Josses increase as the barrier is moved downstream and ()
important bearing upon the selection of a site.

“Owing to the increasing difficulty of maintzining the reservoir created
by the barrier free from salt water as the water surface is permitted to {all, and
becanse of navigation requirements, it probably will not be advisshle to allow
the water surface to fall below mean sea level. Likewise, because of the nature
of the delta Jevees and the cost of drainage in that region by pumping, the
altimate maximum allowable water surface for periods of several months’
duration may be fixed at 4,0 feet above mean sea level, although later develop-
ments may show that this maximum storage level can be increased to 5.0 feet.

“Itis not necessary to decide at this time at what ¢levation the water sur-
face above the barrier should be maintained, To begin with, it should be held
at, or a littde below, ordinary high tide Jevel, As Lime goes on the elevation
may be raised as experience dictates,

‘pe of structure,

AS
ris factor has an

“Water drawn from the fresh water lake for irrigation, domestic and in-
dustrial wses, as well as that required in the operation of the ship iocks, should
be repienished from river fow or mountain storage with the ider of maintaining
& constant depth of water for the navigable waterways cffected by construction
of the barrier. In years of extreme Jow run-off the water surface could be
dravn down to the elevadion of mean sea Tevel, or possibly, in an cmergency,
to the elevation of mean Jower water,

“As the water surface behind the barrier is fowered, the cost of maintain-
ing the Delta Jevee—not considering floods—should become lessy the cost of
pumping water out of the lake for any use becomes greater; the cost of pump-
ing seepage water would hecome less; the difficultics of keeping the lake fresh
would increase; and the depth of navigable channels affected would become
Jess,

“Ship locks are provided in various sizes in order to economize on the use
of fresh water and to prevent entrance into the fresh water Jake of larger vol-
umes of salt water than necessary by requiring vessels to wse the smallest lock
which will accommodate them, Intermediate lock gates are added for ¢
reason,

osame

“Ileonomy in the use of fresh water in the operation of the ship Jocks can
be effected through the adoption of Jock gates divided horizontally at a depth
to allow a Jarge portion of the vessels having a shallow craft to pass through
the locks without opening the lower half of the gates and 1t is assumed that this
trpe of construction will be adopted. Tt is estimated that the r
saving of fresh water, based on an average daily traffic as it w
1925, would be:

Army Point Site . ... e 173,000 Acre Feet

Dillon Point Site .. e e 146,000 “

Point San Pablo Sive .o 295,000 « w«
it being assumed that the water surface above the barrier would be maintained
at an elevation 234 feet above mean sea level,

esulting annual
as on July 6-7,
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“It will be necessary to flush the reservoir, preferably once each year, to
rid it of accumulations of brackish water resulting, principaliy, through the
nability to trap all of the salt water finding its way into the fresh water reser-
voir from one source or another, The amount of fresh water required cannot
be predicted with any degree of accuracy but 2 study was made of the amount
of fresh water available for the operation of the barrier, based upon the as-
sumption that storage in the mountains was well developed. The study is based
upon meager data but the results are believed to be indicative,

“From Table 10-13, it is evident that if the maximum height of water
surface in the reservoir is restricted to 2V4 feet above mean sea level, the water
stored in the reservair thus formed will not be sufficient to operate the barrier
at any of the three sites studied during the irrigation season, even in years of
heavy run-off, and it will be desirable, therefore, to scek the highest practicable
clevation at which to maintain the storage level,

“T'he shortage due to lack of reservoir capacity increases as the barrier is
moved downstream, althongh the capacity of the reservoir is greater, This is
principally due to the greater evaporation, and to the larger requirements of
navigation, industries and municipalities.

“Ag the storage elevation above the barrier is raised the amouant of water
available for Hushing in years of low run-off js decreased. According to Table
10-13, no water would be available in the season 1923-24 for flushing out the
reservoir created through construction of a barrier at the Point S8an Pablo site
whether water were impounded to elevation ~-2.5, 4-4.0 or 4-5.0. It appears
| that, in any case, therc would be no flushing water available in 1923-24 if
' water were stored to elevation 5.0, although in a normal year there would be
| a large amount available for flushing, regardless of where the barrier is con-
structed or of the elevation at which the water surface above the barrier is
maintained. :

“If the above analysis is correct, it may be concluded that since one of the
principal objects of the salt water barrier is to conserve fresh water, it will be
desirable to maintain the largest practicable storage capacity above the structure,
Likewise, it is evident that the farther downstream the location for the barrier |
is chosen the greater will be the quantity of water required for operation, and [

|
1

the greater will be the shortage during seasons of low run-off. Since the
shortage must be supplied from mountain storage in order to maintain sufficient
depth for navigation, and to hold the water level at an clevation where the
reservoir will not be deluged with salt water whenever the ship locks are
opened, it is apparent that consideration of: the necessity for conservation of
water would require the selection of one of the upstream sites—Army Point,
Dilion Point or Benicia, if the latter, upon investigation, is found to be suitable
structuraily.”

Discussion of Young's Report. The sunmary just given of Young’s report
gives his main enginecring conclusions. As will be seen, the engineering conclusions
are as follows:

1. The construction of a salt water barrier 1s feasible at either San Pablo
| Point or at one of three sites near the upper end of Carquinez Strait,

The burrier can be utilized for both rail and automobile traffic,

P 3. The cost will depend upon the method of construction. A barrier can be
built at Army Point with bridge of 50-foot clearance for $49,800,000;
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at Benicia for $46,200,000; at Dillon Point for $44,700,000; at Point
San Pablo for $75,200,000.

4. The barrier will pass 2 flood of 750,000 sccond feet (larger than any food

“ measured inte Suisun Bay) with an cstimated raising of water surface of
0.7 of a foot at the barrier, az Army Point, and zbout 0.55 of a foot at
Collinsville, Water levels in the delta under extreme conditions are esti-
mated to be below clevations of high water computed by Flood Control
Engincer of the state. With a barrier at Point San Pablo, the raise in water
level would be slightly less than at Army Point.

.
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5. The barrier would effectively handle both water transportation through
locks and bridge transportation,

6. The barrier would store fresh water and prevent the encroachment of
salinity now taking place cvery summer,
7. The barrier will prevent teredo from working above its location.
8. The barrier can be operated 50 as not to be a detriment to the fishing
industry.
9. The clevation at which water is maintained above the barricr in summer
_has not been determined, To begin with it should be held 2 litde below
ordinary high tide. This point is discussed in more detail in the following
pages.
10. Young makes no determination of the economic features of the barrier,
- - ‘nor does he recommend a site.

Two things in connection with Young’s conclusions may be given further
consideration: first, that return seepage will increase in quantity and ameliorate
conditions in the delta, and, second, that water from the Sacramento river may be
temporarily carried across the delta for use in the San Joaquin valley by releasing
stored water and without the construction of the salt water barrier.

With reference to the first matter, it has been shown that return seepage in the
San Joaquin Valley is being recaptured by the pumping plants on the west side of
the valley and there is now no benefit from the return seepage to delta lands in
late summer. There is no prospect for increase in return flow, s fact the increase
in pumping from wells all over the valley and new pumps along the river will de-
crease that flow,
 In the Sacramento valley similar conditions prevail. It is not certain that return
seepage on this stream has reached a maximum, because a large area of land close
to the river is not yet regularly irrigated. When this land becomes more intensively
farmed, it is to be expected that it will utilize to a great extent this very return
water and decrease the net amount which reaches the tidal waters. Return flow,
therefore, cannot be depended upen, in either river, to improve salt water conditions
1 the delta.

As to the sccond matter, it may be said that so long as the tide ebbs and flows

there will be the opportunity for salt water to penctrate the delta, just as far or

o farther than was the case in dry years since 1917, In 1920, 1924 and 1926, salt
- water went beyond Three Mile Stough, the principal connection between the Sac-
" ramento and the San Joaquin deltas. 1f water were drawn up the San Joaguin, there
would be a greater tendency for salt water to penetrate the delta and be deawn
southward. It should be remembered, too, that in dry years released water from
slorige reservoirs is going to be very difficalt to deliver past the Jarge areas of ripariag
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lands. The flow of the rivers will undoubtedly be so low that tides will carry salt
water beyond Three Mile Slough, Certainly no dependence can be placed upon this
method of carrving water across the delta. The barrier is essential to prevent tidal
movements and the encroachments of salt water.

ELEVATION OF WATER ABOVE BARRIER

Objection, from owners of delta land, has been raised to the proposal by Young
that levels above the barrier might eventually be raised above mean high tide in
order that more water might be stored for use by the towns, irrigated arca and in-
dustries around the lake above the barrier,

Mr. G. A. Atherton, who is probably as thoreughly acquainted with the delta
region as any other person, is autherity for the statement that a level of 6.0 feet
U.SED. (or 24 U.8 G.S8.) continuously maintained in summer months is as
high as can be safely held against the delta levees under present conditions. Accord-
ing to him, to carry water higher would endanger the levees, would increase seepage
and pumping, and therefore add greater maintenance cost to the delta land owner.
It should be understood that Mr. Atherton has reference to the delta lands where
peat predominates,

The answer to this argument is that the delta lands will be surrounded by salt
water unless the barrier is built, but the barrier can, and should, be operated so as
to do no damage to these peat arcas.

Therc is some uncertainty as to the exact difference between the datum of the
two surveys (U. 8. G. 8. and U. 8. E. D.) and the level of tide as indicated by tide
tables, U. 8. G. 8. elevations refer to mean sea level and are based upon a number
of vears of observation. U. 8. E. D. levels arc 'bazed theoretically upon mean lower
low water but practically are taken as 3.6 feet lower than the U.S. G. 8. levels.
Tide gage Jevels are theoretically based upen mean Jower low water but practically
are referred to the elevation of 2 point on the Presidio tide gage staff in San Fran-
cisco. As near as can be determined, the U. 8. E. D, and tide table datum planes
are not the same, but the U. 8. F. D. datum is about 0.63 feet lower. This figure
is not exact, however, and for practical purposes it may be assumed that the two
arc the same. In the delta region the tidal range varies more in different parts of
the delta than this variation between the two svetems of measurement,

If water is held at 6.0 U, S, E. D., it will be at less than high tide in the
central delta. Here the tide rises to over 7.0 feet two or three times a year, and in
times of southwest storms it has risen to over 8.0. In 1907, during the flood, the
clevation exceeded 10.3. With water held at 6.0 there will be no menace to levees
and comparatively little increase in pumping out of seepage water. Farthermore,
this elevation will permit the cflicient operation of the barrier, for salt water is
higher than 6.0 at the Golden Gate less than one per cent of the tme, excluding
storm and flood periods.

Any increase in height should be made only if it can be done without menace
to the island levees. In storm periods water will be held lower than would naturally
occur except in the most extreme floods. Reservoirs which have been constructed on
nearly all tributarics of the Sacramento and San Joaquin rivers will undoubtedly
have the effect of reducing the peaks of floeds, and there is little likelihood of a
repetition of the extremes experienced in 1907, at least such extremes \}sz occur
less frequently.

On the whole, the delta Jands will be better off with the barrier than without
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it. The one {actor of stightlv increased pumping with the summer level held at 6.0
will be more than overbalanced by the freedom from the present menace of sait
waier.

SELECTION OF SITE FOR BARRIER

Mr. Young in his report sets forth the conditions surrounding the Jocations
investigated as sites for the barrier. The following statement compares the two
Jocations—the three sites investigated near the upper end of Carquinez Strait being
treated as one:

Water Suppiv: Tables attached give the estumated quantities of water re-
quired for all uvses above the barrier. The quantities here given are estimated uses
when all area above the barrier is developed and are liberal figures, with an allow-
ance for flushing to remove salt water let in by ship locks and leakage, The agures
show that under these conditions the requirements for the full vear are:

Point San Pablo ..o 2,024,000 Acre Feet
Army Point e 1L 160,000 «
Diflerence oo 804,000 “

For the irrigation period May to September, inclusive, the requirements are:
Point San Pablo oo oo e 1,236,000 Acre Feet
Army Point . 638,000
Difference oo . 398,000 €€ “

The large diff erence comes principally {rom the quantiny of water required to
operate focks and the increased evaporation in the lower site. In other words, from
six to cight hundred thousand acre feet are reguired to supply the addidional une
avoidable fosses from evaporation and ship lockages in San Pablo Bay.

In the matter of cost, Young’s estimates show for a barrier with 50 feet of
clearance the following:

Point San Pablo oo e 475,200,000
ATy Polnt o 49,800,000
Difference e $ 25,400,600

The convenience to other interests is of great importance. The Mare Island
Navy Yard is located above Point San Pablo but below Carquinez Strait, naval offi-
cers will object ta the barrier. On account of the greater number of vessels which
~pass San Pablo than through the upper end of Carquinez Strait, there will be les
objection to the upper site,
Barriers at both sites will serve as bridges, The San Pablo lecation will replace
a ferry now in operation—the upper site in Carquinez Strait will serve both for
rail and vehicular trafhc and will replace two ferries,
The opportunity to combine the barrier with the Southern Pacific Railroad at
Port Costa should not be overlooked. The Railroad Company is contemplating the
construction of a bridge to replace the present ferry. 1f the Army Point-Suisun
Point site 1s selected by the railroad, the barrier can not be built on this site In
some respects this is the most attractive site and until final determination s made of
“the Jocation, no permit should be given for a bridge across this place.

March 22,[2010
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STORAGE AND RELEASE TO CONTROL SALT WATER

This method of solving the salt water problem has been suggested In several
_recent pubBcations of the Department of Public Works. Examination in detail of
the proposals shows that “salt water control” means the supplying of water of Jess
than 100 parts chlorine per 109,000 to the deita lands. Emmaton on the Sacra-
ments and Jersey Island on the San Joaguin are the limits of control and no sug-
-gestion has heen made that it is practical to release water to supply Antioch or any
of the lower industrial area. "This, in fact, Jeaves out of consideration the area now
most seriousty damaged.

Studies by the Division of Water Rights based on records induding the vear
19235 show that to control salinity below 100 parts chlorine per 100,000, the com-
bined fow of the Sacramento at Sacramento and San Joaquin ar Vernalis (both
points about the head of tide water in late summer) must exceed the following

fignres:
: Cubic Feet
For control at Per Second
Emmaton and Jersev Island oo 3500
Antioch e meeee 3000
Collinsville i it et 5500
. OL & A Ferrve e e D000
u%@wﬁ% i ST These quantities will depend to some extent upon the months preceding the
S i £ o . . . . . - . . .
e period when control is desired and will, of course, vary with the diversions below

the points of mensurement. Furthermore, storage of water above tide fevel will
affect the matter by limiting the distance salt water is forced downstream by spring
floods.

To effectively supply these guantities of water will require very large storage
capacity In dry years.

In 1924 storage in excess of a million acre feet would have been required
contrel salinity at the Qakland & Antioch Ferry and 370,000 at Emmaton and
Tersev. In 1926 over 500,000 acre feer would have been required at the Ouakland
% Antioch Ferry and 200,000 acre feer at Emmaton and Jersey, Storage in large
amount would be needed about half the years at Emmaton and Jersey and every
‘year for contro] at the O, & A, Ferry.

‘The above is under the assumption that storage and diversions in these two

_ wvalleys do not increase.  As shown carlier, this condition has already heen violared,

* for there has never been such increased activity in building storage reservoirs as in
_the period since 1924, Many reservoirs are planned for construction m the near
future. Furthermore, diversions increase every year. Xstimates of the quantitic
required for storage control must therefore be continuously revised upwards.

Release of stored water, to control salinity, will occur in dry parts of the year
and to the greatest extent in dry years, To effectively control the right of storage.
and release, all riparian owners below the reservoir must agree to the arangement.
As the law now stands, the use of such a reservoir may be enjoined and it will be
" impossible to prevent, cxcept through litigation, the riparian owners from diverting
the released water. This difficalty can be removed by condemnation of rights along
_the stream, ‘The problem looks too large for human accomplishment in any reason-
zble time and at any reasonable cost, -~

_ To one acquainted with water problems in California, it does not seem reason- :
able to expect that in the dry part of a dry year a flow of 5,000 or more feet per - . 4
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_ second wouid be allowed to pas pumps and ditches, under which crops were saffer-
“ing, in order that salt warter could be pushed back into the occan,
" As 1o the cost of storage reservoirs to accomplish the release for salt control,
there is Jittle definite information which permits a comparison of costs, The fol-
Towing statements are of some interest: '
Kennett reservoir is proposed by the State Department of Public Warks as a
Cumit in the “Coordinated Plan”  (See Bulletin 13, Department of Public Works,
©1928.) The recommended reservoir capacity is 2,940,000 acre feet; the estimated
cost of dam and rights of way is $55,000,000; of power plant $25,000,000; a
“total of $80,000,000. With allowances for prior rights, the mean annual irrigation
Cvield of reservoir will be 2,838,000 acre feet. In minimum years the deficiency
Cwould be Jarge; 19 per cent in 1920, 42 per cent in 1924, If this reservollr were
depended upon for salinity control, the entire available supply would be needed to
control salt water at the mouth of the river, leaving no water for the arca depending
on this reservoir for irrigation. In other words, the very year when the reservoir
is most needed it would be of Little practical nse. Furthermore, Kennett iz not prac-
ticable unless operated to generate electric power. 1f the water s held and released
for salt water control, the power value is greatly decreased,
Iron Canyon Reservoir is proposed as a sccondary unit in the “Coordinated
Plan.” (See Bulletin 13 of Department of Public Works.) The recommended
capacity is 1,121,900 acre feet; the estimated cost of dam and power plant is esti-
mated as $26,000,000; the canal system to utilize this water is estimated at $30,-
000,000, The reservoir may be utilized in controlling salinity. To quote from the
- above mentioned report, page 115:

“Sacrificing the power features at Iron Canyon dam would, with other
construction unchanged with the cxception of the arrangement of outlets
“through the dam, supply a reserve storage of 364,600 acre feet of water in
Tron Canyon reserveir to overcome, or alleviate, the salt water menace in the

. delta region should such be desirable, Such use is net advocated, but it is

demonstrated that there are possibilities along this line”

_ Should the irrigatien feature likewise be disregarded, Iron Canyon would pro-
vide a net annual irrigation draft of 800,000 acre feet or just about enongh water
. to contro) sait water as Jow as the mouth of the river—provided the water could be
~carried past head gates and pumps on its way to tidal waters. Under this condition
. “the power feature would be sacrificed to a larger extent, 1t is difficult to picture a
-~ dry vear when water and power are both scarce, in which it would be posible to
Crelease a darge quantity of water, disregarding its best use for power, and have the
riparian and appropriative users of water along the hundred and fifty miles of the
Sacramento River permit this fow to pass by wminterrupted to tide water. The plan
“does net Jook practical.

" Other reservoirs may be used for the same purpose, that of increasing the flow
to control salt water, For example, a reservoir on Feather River has been suggested,
another on the American at Folsom. Both of these reservoirs will have value for
power development and that value will be greatly reduced if a large quantity of
water is held for saline control. The most practical suggestion is in connection with
a reservoir on Dry Creek, north of the Mokelummne, the water to be diverted from

the Mokelumne River. The rights obtained by the East Bay Municipal Utility
"District for storage in Lancha Plana Reservoir practically eliminate this reservbir
from consideration.

-+ In connection with the proposal for storage and release of water, it should be
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remerbered that the State Department of Engineering has made the suggestion as
a temporary cxpedient, with the expectation that permanent relicf wounld be hrought
about by the construction of the salt water barrier. This state of affairs would Jeave
the delta Jands dependent on a temporary right to be replaced by 2 permanent right
which weuld be arranged for at some later time. With the growing condition of
California and the certainty that the temporary supply will be invaded by increased
diversions, this is a very precarions water right, not one which will satisfy the delta
land owners. Furthermore, the plan does not consider nsers below the delta, either
towns or industries,

New industries will not be attracted by any temporary improvement in water
conditions. Some permanent solution must be reached, It is important to California
to have the decision made at once so that the great industrial expansion now going
on can be Jocated to a maximum extent in this state.

WATER FROM OQUTSIDE SOURCES

Water may be brought in from outside sources to supply the towns and indus-
trics along the Straits and Suisun Bay. It is not likely that the agricultural lands
can be reclaiimed by any cutside source of water on account of the high cost.  But
for the uses of towns and factories it Is possibie to secure outside water.

Under present conditions water cannot be drawn at any point on tide water
without either ranning the risk of getting salt water or of interfering with rights
already vested. It may be possible to pump during the fresh water period into reser-
voirs and to pipe the water thus stored along the waterfront, supplying both domestic
and industrial consumers, Reserveirs of good size are available in the Meontezuma
hills north of Suisan Bay and a few small reservoirs zre found on the south side of

_the bay. No estimate has been made of the cost of this method. Surveys beyond the
scope of this report would be required. It is known that the cost would be large,
though cheaper than any other known source.

Other possible outside sources are:

Fel River—a supply which has been suggested for both San Francisco and East
Bav citics, The distance to Carquinez Strait is 125 miles. Harroun estimates the
cost at $22,000,000 to carry 50,000,000 gallons daily to south sides of Carquinex
Straits.

Conn Valley—a small tributary to Napa River with probable yicld of 10,000~
000 gallons daily, Cost not known but the supply would only furnish a part of

. present needs and would provide nothing for future growth,

Putah Creck—a tributary of Sacramento north of Dixon. Cost not known,
About 50 miles north of Suisun Bay, Complicated with riparian claims. All storage
at considerable distance In mountaing,

Mekelumne or Cosumnes—draining Sierras north of Stockton, Cest unknown.
Early rights conflicting. About 75 miles distant,

Pumped water from San Joaquin Valley—It has been suggested that the irriga-
tion districts in the San Joaguin Valley could deliver pumped drainage water into
the river 1o be pumped out above salt water Hmit and delivered to industries and
towns along the bay through pipe lines.

East Bay Municipal Utility District—The main pipe line of this district paral-
lels the bay shore from Antioch to Bay Point. To secure water frome it the area
must enter the district, The district has voted $64,000,000 to complete 2 60 m.g.d.
supply. Water will be costly if the entire cost is collected from rates, and there
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“nated plan has been presented in part to the Legislature by the State Department of

* Joaquin Valley for use on lands for which insufiicient water can be supplied from

- not be carried through the deltn with tidal flow bringing salt water in and out of

‘prevent a serious nuisance in this locality. Other communities are not so fortunately

-will grow as the industries thrive, This population in towns makes a market for the
“products ¢of the cities and the multitade of manufacturing establishments which have

- the factories in the citles.

have a direct interest in seeing a salt water barvier cstablished, Behind it, around the

. the cities themselves.

“1he people of the state are engaged in manufacturing and mechanical industries as

due Jargely to the activity in industrial maiters.
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is little incentive for Contra Costa County and towns to enter this organization.
The water i too costly for the heavy industries, such as now are located along the
water{ront.

All of these sources are so distant and costly that the supplies are more of the
nature of domestic supplies than of cheap industrial water supplics such as are re-
quired in any large and growing industrial region. None of them solves the salt
water problem as affecting construction along the waterfront and none of them can
possibly be made available for agricultural industries on the bay lands,

THE BARRIER AS A UNIT IN THE STATE COORDINATED PLA
WATER CONSERVATION
A plan for the development and use of all waters of the state upon a coordi-

N OF

Pablic Works. This plan provides for the storage and utilization of all water re-
quired in the Sacramente Valley and the transmission of excess water to the San

local sources. The salt water barrier is 2 necessary unit in this plan, for water can

the channels twice a day.

GENERAL DEVELOPMENT QF BAY REGION

The entire bay region is interested in the salt water problem in that the pros-
perity of the region immediately concerned affects the prosperity of the cities. The
industrial Lerritory aleng Carguinez Strait is essential to the well being of the whole
state. 'The industries are fundamental to modern civilizadon, Qil, gasoline, lubri-
cants, steel, fertilizers, sugar, leather, timber, sods, chlorine, fire-proof roofing, paper
board, brick, tile, flour, mil} feed, and the remaining varietics of manufactured
products are necessities of modern existence. To have them abundast and cheap i
greatly to the advantage of modern society,

Many of these facteries would be classed as nuisances if located in a large city,
on account of the odors. Carquinez Strait and Suisun Bay have regular winds which

sitnated.

The ratio of factory employees to popalation of towns is about 1 o 4. 'This
means that the population of the towns immediately surrounding the industrics
located in the cities. The heavy industries in twrn furnish raw material for use in

As a result of this interJocking of interests, the large cities of the bay region

fresh water Jake thus created, there will grow up a thriving industrial community
engaged in the production of essential materials which conld not be produced within

CALIFORNIA NOW IN THE INDUSTRIAL AGE
California is now In an age of industrial growth. Approximately one-third of

compared with less than 20 per cent engaged in agriculture, forestry and animgl
hushandry (the next largest class of workers). The present growth of the state is
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Students of population growth recognize cyeles of Increase in population.
There scems to be a definite limit to the number of people that can be reached in
any sct of circumstances. The growth of California very well iilustrates three cycles
of growth. In the carly days of the state, mining was the attraction and the whole
life of the community centered around the mines. As mining reached its climax
in the seventies, agriculture came to the forefront and there was a continuous growth
on this account, The agricultural era lasted until about 1915. In the meantime,
throngh the discovery of ol and the unprecedented development of the electrical
industry, cheap power was made available and manufacturing began to grow. At
present there iz very little actual increase in agricultural population but a large in-
crease in industrial activities. So far as it is possible to see in the future, our growth
will be industrial. Agriculturists have learned to grow more crops with less man
power and there is comparatively little likelihood of any large increase in agricul-
tural population. The problems of the state are nowadays to a large extent those
of the people of the towns and citics and industrial areas.

DISTRIBUTION OF BARRIER COST

Several interests should share in the cost of this barrier. As has been shown,
conditions now existing have been brought about by developments on the higher
parts of the watershed, an area covering 32,000 square miles. The Bay cities will
be contributing to the salt water problem by diversions which they propose to make
out of the watershed. The agricultural interests through both valleys are using
fresh water in such a way as to contribute to the salt water troubles of the delta
lands and the industrial territory. The power companies through use of water in
the watershed also affect the problen:, and in addition these companies are interested
in the increase and prosperity of the industrial region. Other public utilities in
this region have the same interest in its prosperity.

The problem is so large and its interests so widespread that it may be said to
be state-wide in scope.

The federal government through its control of navigation, as well as its general
interest in the prosperity of the country, is likewise interested in the problem. The
California Debris Commission and the River and Harbor work under the Chicef of
Engineers of the Army already are engaged in river improvement and in control of
reclamation work so far as it affects navigation. [t would appear reasonable, there-
fore, to have participation in this construction work by the federal government.

Local interests which will receive direct and tangible benefits from this barrier,
such as the towns, cities and lands which can use water directly from the fresh water
lake above the barrier, should contribute to the cost of the structure. The delta
lands se far as they divert water from tide water levels should also be included in
the area contributing because of benefits.

Railroads and vehicular traffic utilizing the barrier as foundation of a bridge
should pay the value of this service. [t secms reasonable that railroad and vehicular
traffic could reasonably contribute a large sum for the use of the bridge.

It appears from examination of Young's estimates that the sum of $45,000,000
will complete a barrier with a bridge at a point near the upper end of Carquinez
Strait. A detailed cconomic study should be made to determine the proportion of
the cost that should be borne by each interest involved. F
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SUMMARY

Carquinez Strait marked approximately the boundary between salt and fresh
water under natural conditions.

Prior to diversions for irrigation, Suisun Bay was brackish in late summer and
salt water may have penetrated as far as Antioch, but only for a few days at
a time in years of lowest run-off,

If the water now diverted for irrigation and held in storage were released,
natural conditions would again be brought about,

The dry year of 1918, in which the urge of war had encouraged heavy plant-
ings of rice and other crops in the Sacramento Valley, resulted in penetration
of salt water into the Delra for a longer time and to a greater distance up-
stream than ever known before.

Examination of available information shows that the yearly increased diver-
sion of water which had been going on since irrigation commenced in the
valleys of California, had been gradually affecting the movements of salt
water, This slow effect was hardly noticed until 1918,

Lrrigation and storage are not solely responsible for the influx of salt water.
The load of hydraulic mining debris deposited in the streams draining the
Sierra Nevadas is a minor factor in the problem. As the sediment moves down-
stream the tidal prism is changed and the movement of water is affected.

Leveeing and reclamation of marsh lands, around the bays and in the delta
region, have had a slight effect upon tidal movements, The net effect of levee-
ing marsh land has been to decrease the tendency of salt water to flow up-
stream.

Leveeing of basin Jands and diversion of floods through by-pass channels has
had an important effect in sending floods rapidly to tide water and in reducing
the late summer flow of water which under naturai conditions was stored and
slowly released from basins.

Dredging, particularly in lower portions of the rivers and in the navigation
channels of 8an Pablo Bay, has increased the tendency for salt water to flow
up-stream. Dredging in Suisun Bay and in the deep water channels to Stockton
may have the same tendency. All increases in channel depth and in straighten-
ing of approach have a tendency to increase up-stream flow of salt water,
though a quantitative estimate of this tendency cannot be made.

Irrigation now diverts the entire low flow of all streams entering the San Joa-
quin Valley, The only flows reaching tide water in late summer and early fall
are return waters—seepage from irrigation,

Pumping plants on the west side of the San Joaquin Valley, lifring water to
the west side slopes, now divert more water during late summer than enters
tide-levels from the river. The San Joaquin delta under present conditions is
dependent in late summer of dry years on flow from the Sacramento River.
Additional pumping plants are being installed and there will be a greater
tendency in the future than in the past for salt water to flow up-stream into
the delta channels,

[rrigation in the Sacramento Valley in late sumemer diverts practically all the
flow of streams entering the valley floor. The flow of the river at Sacramentap
the head of tide water, is now largely return secepage or waste from canals,
The low flow at Sacramento was 500 second feet in 1920; 2750 in 1921,
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3200 in 1922; 3100 in 1923; 705 in 1924; 2760 in 1925; 1330 in 1926;
and 3420 in 1927,

The area irrigated in the delta of both rivers is now 360,000 acres, The quan~
tity of water used by this land has not been determined with any accuracy.
Comparing crops and other conditions affecting use of water, it is probsble
that the annval consumption approximates 134 acre feet per annum. Twenty
per cent of the annual amount 1s used in the summer months of greatest evap-
oration. At this rate the consumption of water by the delta area is at the rate
of 2100 second feet in the summer, This exceeds the flow into tide water by
the river in all years of low flow.

Records of salt content of the water have been collected by the Division of
Water Rights since 1917, The area of delta land surrounded by salt water
{100 parts chlorine per 100,000) at high tide is shown in the following
table:

Approximate Stream Area in Delta
Year Flow before Diver- Surrounded by

sions in Per Cent Salt ‘Water,

of Normal. Acres.

L 24 169,000
] NS SO s 53 58,000
1925 oo i 74 8,500
1927 ciisnrsasisnu ey 100 5,000

Contrary to popular opinion, the period since 1918 has not been one of stag-
nation in irrigation development. A number of large storage reservoirs have
been built and placed in operation since then. Of approximately 4,000,000
acre feet of storage reservoirs on streams draining through Carquinez Strait,
55 per cent or 2,725,000 acre feet have been built since 1920. Diversions of
water, particularly on the lower San Joaquin River, have increased,

The area under irrigation has steadily increased in both valleys, In 1926 it
is estimated that 1,250,000 acres were irrigated in the floor of the valley with i
3,900,000 acre feet of water by diversions from streams draining toward Car- i
quinez Strait. If mountain valleys and lands irrigated from wells are in-
cluded, the total area irrigated is probably aver 1,750,000 acres.

Further extensions of irrigated area are being planned in both valleys. Within
the next five vears the bay cities will have diverting capacity of about 185
second feet and will control 431,000 acre feet of storage reservoirs., Thesc
enterprises will tend to increase the salt water menace. There is reason to ex-
pect the same menace of salt water as occurred in 1920, 1924 and 1926 to
be present every year.

Salt water will penetrate the Jower delta region every summer under present
conditions, The distance water will flow up-stream will depend less and less
upon the flow of streams into the valleys as the increase in nse of water con-
tinues. About one-half of the delta is likely to be menaced any year. The
area may extend bevond this line.

There is now no legal control of diversions, other than by the slow and costly
process of litigation, except upon a few small tributary streams where the Di-
vision of Water Rights has completed adjudications. Litigation begween lower
users of water in the delta and upper riparian users and appropriaters has been
in progress for several years. Other litigation may be started. The legal pro-
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cesses are so slew, cumbersome and costly that little resnlt is to be expected for
many years, if ever.

The outcome of present litigation will be disastrous if the courts uphold the
contentions of cither of the parties to litigation. If the delta lands have ri-
parian rights to the waters, a large area of land will have to release water, and
storage reservoirs constructed by power companies will be decreased in offi-
ciency and value, On the other hand, if the courts decide that riparian rights
do not attach to lands on tide water, the delta will be further menaced by salt
water and there will be grave danger of permanent injury to a large arca of
land.

The engincering study of a salt water barrier made by Walker Young, of the
Bureaw of Reclamation, in cooperation with the Department of Public Works
of the State of California, concludes that the construction of such a barrier s
feasible. Investigations were made at three sites—Point San Pablo, Dillen
Point and Army Point. The estimated cost of the barrier with and without
bridges is given in the table on Page 60.

"This barrier will maintain a fresh water reservoir free from tidal fuctuations
and currents other than those cansed by the flow of river water toward the
sea, The level of water up-stream of barrier will he maintained at the highest
practical Jevel. Young estimates this level a¢ elevation 2.5, U. 8. G. 8., or 6.0
on tide gage. It is probable that this height of water will be controlled by
conditions of levees in the peat arcas, As these levees become more stable the
Jevel can be increased. Flood Jevels will not be increased above those of oods
in the past, in fact flood conditions will be improved in all but the most severe
and protracted foods,

CThe sait water barrier, if built, will aficet agriculture and the industries and

activities along the bay and lower river as shown in the following statement:
A, AGRICULTURE

{a) A salt water barrier at Point S8an Pable wiil make fresh water available
for the irrigation of 51,000 acres of marsh and 48,000 zcres of high Jand
around San Pablo Bay. There 13 no known source of water for this area of
land at present. 1f such lands are increased $50 an acre above cost of irriga-
tion works, the total increase in value will be $4,950,000.

(b) A salt water barrier in Carguinez Strait or at Army Point will make
Tresh water available for 163,000 acres (marsh 70,000 acres; high lands
93,000 acres) around Suisun Bay. There is no other known source of water
Tor this area. At $50.00 an acre, the increased value above cost of irrigation

-works will be $8,150,000,

(¢) Either location of barrier will solve the irrigation problem for the lands
now irrigated from tide waters in the delta and adjoining it. The area now

“watered is zbout 360,000 acres. The total area of irrigable lands is estimated

as 458,000 acres. The area menaced by salt water is 169,000 acres, The
value of this Jand 15 $35,060,000. Improvements at 20 per cent of land
value add another $7,000,000.

There wiil be some increment in value to all the delta area from the security
which the salt water barrier witl bring about.

(d) The salt water barrier will benefit the arcas up-stream from tida! lands
by removal of litigation which is now a source of expense and annoyance and
which is an obstacle to future projects,
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(e) The salt water barrier is a step in the direction of carrving out the
state’s plan of supplying water to the Southern San Joaquin Valley—a step in
the coordinated plan of water development, kt is the first portion of the
project which should be built,

B. INDUSTRIES
Industries eccupy a large area of Jand along the waterfront of San Francisco
and San Pablo bays, Suisun Bay and Carquinez Strait.  Between Oleum and
Antiech there are seventeen large imdustrial plants and 2 number of smaller
cones.  On the north side of the straits there are two large industries besides
the Mare Tdand Navy Yard and Benicia Arsenal.
“These industries are of the “heavy” tvpe, fundamental industries, which
~produce essential products necessary both in war and peace.  Steel and iron,
petroleum products, chemicals, fertilizers, powder and fuse works, leather,
brick and tile, flour and feed, roofing lumber and wood products, fish, canned
-.goods and sugar arc produced in large quantities, The products of these
works have an annual value of $250,000,000. Freight in and out of the
district approximates 14,000,000 tons a year. Expenditures for electric
power average $800,000 2 year. The average number of employees is 8500,
having an annual payroll of about $15,000,000. The portion of the popula-
tion of towns and suburban territory dependent on these industries includes
30,000 inhabitants,
“The industries are large users of water, At present 10 million gallons a day
are used, not including the Navy Yard or Arsenal, and the annual increase in
use by the establishments is one millien gallens a day.
Immediately adjoining the industrial area above described are other large
establishments which could receive benefit from the fresh water reservoir
created above the barrier.  If the zone along the waterfront to Richmond were
- included, the annual value of products for the whole territery would be
-$515,000,000; the number of employees 17,0005 the annual payroll $29,-
- 000,000, A part of this arca is within the Tast Bay Municipal District,
Since the salt water menace became widely advertised through the Antioch
“litigation, only onc new indusiry of large size has been established in this
territory.  The factories already established have continued to grow but the
uncertainty about fresh water has discouraged new industries seeking location.
Fresh water in large quantities at Jow prices is essential to the prosperity of
- such establishments,  Water from any existing utility or municipal district
is too high in price for these “heavy™ industrial plants,
Ordinarily such works locate where water can be had for the cost of pumping,
and such manufacturing establishments will not go to any place where prac-
tically free water is not available, There is no other location in California
".suitable for heavy industries where this condition can be created.
The establishment of new basic industries will be attracted to abundant cheap
water, 1f Califoraia dees not provide the proper location, Seattle or Port-
land or some other northern locality will offer greater inducements and many
" industries will establish Pacific Coast branches in these northern cities. There
are in these other states large areas of land where pure fresh water is abundant
~and may be had for the cost of pumping from permanent running streams.
" Further than this, rates for water in the cities are cheaper than in Califoraia
. Below are given the costs of 500,000 gallons of water in the prineipal
- Pacific Coast cities: B : . .
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Coit of 500,000 Gallons of Water Per Month
San Franciscoo oo :
Qakland -
Los Angeles..
Stockton
Portland
Seattle =

One of the greatest needs of the state today is a fresh water rescrvoir around
which factories could be located with assurance of a permanent supply of
water.  Probably no single accomplishment in the construction program now
under discussion would do more toward progress. More factories mean
greater population and more local markets for agricultural produce, and the
general level of prosperity of the state will be raised.

Salt water 1s detrimental to the piping and more costly ro handle in factories
of this sort. The increased annual cost to the users of saline water s esti-
mated to be $300,000 a ycar through deterioration of equipment and piping
in the industries now established, ‘This sum capitalized ar 6% means the
equivalent of an investment of $5,000,000.

Some of the industries, notably the sugar refinery at Crockett and the
chemical works at Pittsburg and Nichol, require water free from saline matter.
The presence of salt water in the river for long periods of each year has been
the cause of much expense and annoyance in these establishments, and brings
seriously to consideration the ability of these factories to continuc to exist
under the trying conditions.

The salt water barrier will remove the cause of additional expense to the
plants now located here, will encourage their more rapid growth, and will
offer a great incentive to new establishments to locate here. Large industries
require, in addition to large quantities of pure water, cheap power, efficient
transpartation facilities, preferably both by rail and water, and a good climate
attractive to labor. The lower river and upper bay regions lack only water,
The salt water barrier will supply this single deficiency. If the barrier is not
built, California, without doubt, will lose many important factories.

C. DOMESTIC WATER SUPPLY

The domestic water supply of towns along the straits in Suisun Bay is high in
price and limited in quantity, Vallejo, the only exception to this statement,
recently has constructed Gordon Valley Reservoir on Suisun Creek, and has 2
permit to store 10,000 acre feet and to divert 5,000 acre fect annually. Other
towns have no large amount of water for future growth. In fact lack of
available water has been a deterrent to the location of industries and the
resultant increase in population,

A salt water barrier will solve the water difficulties. If the barrier is located
at San Pablo Point, the entire area can be supplied with fresh water; if the
barrier 1s located at Army Point or in Carquinez Strait, all towns on Suisun
Bay and in the lower river will be on fresh water; towns below the barrier,
such zs Crockett, can be readily supplied with short pipe lines heading above
the barrier.

Either barrier will be of benefit to the city of Sacramento in prevemting the
up-flow of tide and reducing the menace of sewage water being carried
toward the water intake,
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D. TRAFFIC ACROSS STRAILT
Routes of travel between northern and southern parts of the state naturally
pass through Carquinez Swait.  The Southern Pacific Company maintains
ferries for tralns between Benicia and Port Costa and for passengers between
Vallejo Junction and Vallejo. The Sacramento-San Francisce Railroad main-
tains a train ferry from Mallard to Chipps Island. A bridge for vehicular
traffic now crosses the strait just below Crockett, A ferry for automobiles
and passengers is maintained between Martinez and Benicia.
: _ At Richmond an automobile ferry Is in operation a short distance below the
’N\%?.Z\_p.‘., - e I : site of the proposed salt water barrier at Point San Pablo.
' "*—;g?%%%@ o o - A barrier ar San Pablo can be made to serve as a bridge. There are now two
: applications for bridge permits near this place. The estimated cost of these
_bridges is from $10,000,000 to $20,000,000. The difference between the
' . cost of a barricr with and without bridge is estimated by Young to be
o \ﬁﬁeﬁ%f . . $9,000,000. ‘ ) ' )
%%g@%%a ) At Army Paint a bridge 50 fect above water inereases the cost $3,500,000; at
- ' Benicia a bridge 50 feet ahove water level increases the cost £6,000,000; at
Dillon Point a bridge with a clearance of 30 feet increases the cost
$3,800,000; a bridge with clearance of 135 feet increases the cost $8,700,000,
" Approximate figures indicate that a railroad bridge near the Jocation of the
present Southern Pacific ferry between Benicia and Port Costa will cost in
excess of $10,000,000. Upon this estimate railroad transportation could
“bear a part of the cost of barrier, Vehicular trafhe is growing so rapidly that
there will be need for a second bridge across the straits within a few years,

L. POWER COMPANIES
The power companies are interested in the salt water problem because it has
" decreased their market for power by discouraging new plants from locating
here and by reducing the growth of those already established.
The litigation over water rights may seriously affect their plants supplied
from storage in the mountains,

F. FISHING INDUSTRY

Fishing in the bay and rivers is important.  Salmon, shad and striped bass are
important commercial fish,  Smelt and smaller fish are important in furaish-
ing food fer commercial varieties. Sturgeon are nearly extinet but it i the
endeavor of the Fish and Game Commission to prevent complete extinction
and to encourage increases in this species,

The salt water barrier will be an obstacle to migrating fish during low water
scason.  Young's plans provide for fshways and it is his belief that fish will
use the locks and that on the whole the barrier will not obstruct the migration.
- Ohjection to any forms of barrier will be raised by the fAshing industry.
Wherever the structure is built there will naturally be some obstruction to
free migration of the fish. It ks probable, however, that the structore can be
so designed and operated as to do only a small amonnt of damege.

G. NAVIGATION
Any barrier is an obstacle to free movement of vessels, and it is to be expected
that owners of vessels will object to the project, This objection arises from
the delays caused by using Jocks and the danger of handiing vesels in such
restricted quarters, particelardy in foggy periods, :
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As to delays, it may be sald that ordinarily the time Jost in transit through
“locks will be regained by the freedom from adverse currents above the locks
While this will depend upon the place o which the vessel iz bound, 1t js be-
lieved that for the great bulk of trafhic the delay 1s likely to be small,

The danger to vessels maneuvering in approach to locks is of course real, but
with the safeguards now provided for vessels the risk is small and there are
compensating advantages. The ability to dock without tidal carrents, as would
be true above the barrier, is both a saving in time and reduction of risk.
The cleansing action of fresh water upon the bottoms of ocean-going vessels
is valuable,

The fear that the barrier will cause sifting in channels or will create changes
in the Golden Gate bar does not seem to be well founded.  Sediment moves
almost entirely at food times when the barrier will be open and the current
constantly down-stream. The movement of sediment will probably he facili-
tated rather than retarded.

Owners of shipping facilities are of course Interested in the growth and
prosperity of the communities served. The industrial area which will grow up
around the fresh water reservoir above the barrier will produce freight for
vessels at a greatly increased rate, The depth of water through Suisun Bay
and to Stockton will be increased to 26 feet under the plan already adopted
by Congress. This depth of channel will be ample for from 73 to 88 per
cent of the vessels normally entering the Golden Gate during a year.

In considering the location of the barrier, the extent of chipping is im-
pertant, The farther downstream the greater the traffic through locks, the
greater the guantity of water required for lock operation, and the greater
will be the objection by the shipping interests, In thie regard the upper
location of the barrier will meet with the least objection,

The Navy Yard is above $an Pablo site and naval officers will probably be
impressed with the difficultics presented by the barrier in time of war, Here
we have another and important reason for the selection of the upper site.

H. STRUCTURE BUILT IN WATER

Teredos and other wood-destroying animals have caused damage to structures,
in S8an Francisco Bay waters in excess of $25,000,000 since 1914, according ¢
estimates made by the San Francisco Bay Marine Piling Comimittee, In the
upper hay region, teredos have gone as far as Antioch.  All structures built in
water which may become brackish mrust be constructed of treated piles or of
concrete,  Brackish water carried up by rides will continue to cause greater
expense in all structures built in water and greater maintenance costs, 1t is
difficult to measure this damage in dollars, but it is a very considerable sum
annually.

A salt water barrier will reduce the maintenance cost of structures and will
make it practical to build structures as economically as was done prior to the
invasion of salt water,

I. THE BARRIER AS A UNIT IN THE STATE’S
COORDINATED PLAN OF WATER
CONSERVATION
“A plan for the development and use of all waters of the state upon a co-
ordinated plan has been presented in part to the legislature by the State De-
partment of Public Works, “This plan provides for the storage and utilization
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of ail water required in the Sacramento Valley and the transmission of excess
water to the San Joaquin Valley for use on lands for which insufficient water
can be supplied from local sources. The salt water barrier is a necessary unit
in this plan, for fresh water cannot be carried through the delta with tidal
flow bringing salt water in and out of the channcls twice a day.

J. GENERAL DEVELOPMENT OF BAY REGION

The entire bay region Is interested in the salt water problem in that the
prosperity of the region immediately concerned affects the prosperity of the
cities. The industrial territory along Carquinez Strait is essential to the
well-being of the whale state. The industries are fundamental to modern
civilization, Qil, gasoline, lubricants, steel, fertilizers, sugat, leather, timber,
soda, chlorine, fire-proof roofing, paper board, brick, tile, flour, mill feed, and
the remaining varicties of manufactured products are necessities of modern
existence, To have them abundant and.cheap is greatly to the advantage of
modern society.

Many of these factories would be classed as nuisances if located in 2 large
city on account of the odors. Carquinez Strait and Suisun Bay have regular
winds which prevent 2 serious nuisance in this locality. Other communitics
are not so fortunately situated.

The ratio of factory employees to population of towns is about 1 to 4,
This means that the population of the towns immediately surrounding the
industries will grow as the industries thrive. This population in towns
makes a market for the products of the cities and the multitude of manufac-
taring establishments which have located in the cities. The heavy industries in
turn furnish raw material for use in the factories in the cities.

As a result of this interJocking of interests, the large cities of the bay region
have a direct interest in seeing a salt water barrier established, Behind it,
around the fresh water lake thus created, there will grow up a thriving indus-
trial community engaged in the production of essential materials which conld
not be produced within the cities themselves,

CALIFORNIA NOW IN THE INDUSTRIAL AGE

22. California is now in an age of industrial growth. Approximately one-third
of the people of the state are engaged in manufacturing and mechanical in-
dustries as compared with less than 20 per cent engaged in agriculture, forestry
and animal husbandry (the next largest class of workers). The present growth
of the state is due largelv to the activity in industrial matters,

Students of population growth recognize cyeles of increase in population,
There seems to be a definite limit to the number of people that can be reached
in any set of circamstances. The growth of California very well illustrates
three cycles of growth. In the carly days of the state, mining was the attrac-
tion and the whole life of the community centered around the mines. As
mining reached its climax in the 70, agriculture came to the forefront and
there was a continuous growth on this account. The agricultaral era lasted
until about 1912, In the meantime, through the discovery of oil and the un-
precedented development of the clectrical industry, cheap power was made
available and manufacturing began to grow. At present there is very Httle
actual increase in agricultural population but a large increase in industrial”
activities, So far as it is possible to see in the future, our growth will be in-
dustrial. Agricultarists have learned to grow more crops with less man power
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and there is comparatively little likelihood of any large increase in agricul-
tural population.

The prohlems of the state are nowadays to a Jarge extent those of the people
of the towns and cities and industrial centers,

SOLUTION OF THE SALT WATER PROBLEM
The salt water problem may be partially solved in several ways but completely
onlv in one way. Conditions may be ameliorated by storage and reiease of
water from reservoirs to push back the salt water or water supply from outside
sources may be brought in to supply fresh water through conduits or pipes.
The only satisfactory solution of the problem is the salt water barrier.
These methods are briefly discussed below:

STORAGE AND RELEASE TO PUSH BACK SALT WATER

This method of solving the salt water problem has been suggested in several
recent publications of the Department of Public Works, Examination in de-
tail of the proposals shows that “salt water control” means the supplying of
water of less than 100 parts chlorine per 100,000 to the delta lands.
FEmmaton on the Sacramento River and Jersey Island on the San Joaquin are
the limits of control and no suggestion has been made that it is practical to
release water to supply Antioch or any of the lower industrial arez. This, in
fact, leaves out of consideration the area now most seriously damaged.
Studies by the Division of Water Rights based on records including the vear
1925 show that to control salinity below 100 parts chlorine per 109,000, the
combined flow of Sacramento River at Sacramento and the San Joaquin at Ver-
nalis (both points about head of tide water in late summer) must exceed the
following figures:

. Cubic Feet

For Control at Per Second
Tmmaton and Jersey Island.._._... S — 3500
V113 101+) N —————— e, > 000
T T 7 e e v
O. & A, Ferry o e 6000

These quantities will depend to some extent upon the months preceding the
period when control is desired, and will, of course, vary with the diversions
below the points of measurements. Furthermore, storage of water above tide
level will affect the matter by limiting the distance salt water is forced down-
stream by spring floods.

To cffectively supply these quantities of water will require very large storage
capacity in dry years.

In 1924 storage in cxcess of a million acre feet would have been required to
control salinity at the O. & A. Ferry and 200,000 acre feet at Emmaton and
Jersev,

Storage in large amount would be needed about half the vears at Emmston
and Jersey, and every year for control at the O. & A. Ferry.

The above is under the assumption that storage and diversions in these two
vallevs does not increase. As shown carlier, this condition has ajready been
violated, for there has never been such increased activity in buil@ing storage
reservoirs as in the period since 1924, Many reservoirs arc planned for con-
struction in the near future. Furthermore, diversions increase every year.
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Estimates of the quantities required for storage control must therefore be con-
tinuously revised upwards.

Release of stored water, to control salinity, will occur in dry parts of the year
and to greatest extent in dry years. To effectively control the right of storage
and release, all riparian owners below the reservoir must agree to the arrange-
ment. As the law now stands, the usc of such a reservoir may be enjoined and
it will be impossible to prevent—except through litigation—the riparian
owners from diverting the released water. This difficulty can be removed by
condemnation of rights along the stream. The problem looks too large for
human accomplishment in any reasonable time and at any reasonable cost,
To onc acquainted with water problems in California, it docs not seem reason-
able to expect that in the dry part of a dry vear a flow of 5,000 or more feot
per second would be allowed to pass pumps and ditches, under which crops
were suffering, in order that salt water could be pushed back into the ocean,
As to the cost of storage reservoirs to accomplish the release for salt control,
there is little definite information which permits 2 comparison of costs, The
following statements are of interest: :

Kennett Reservoir is proposed by the State Department of Public Works as a
unit in the “Coordinated Plan,” (See Bulletin 13 of the Department of
Public Works, 1928.) The recommended rescrvoir capacity is 2,940,000 acre
feet; the estimated cost of dam and rights-of-way is $55,000,000; of power
plant $25,000,000; 2 totai of $80,000,000. With allowances for prior rights,
the mean annual irrigation yield of reservoir will be 2,838,000 acre feet. In
minimun: years the deficiency would be large; 19 per cent in 1920; 42 per
cent in 1924. If this reservoir were depended upon for salinity control, the
entire available supply would be needed to control salt water at the mouth of
the river, leaving no water for the arca depending on this reservoir for irriga-
tion. In other words, the very year when the reserveir is most needed it would
be of little practical wse. Furthermore, Kennett is not practicable unless
operated to generate electric power., If the water is held and relcased for salt
water control, the power value is greatly decreased,

Iron Canyon Reservair is proposed as a sccondary unit in the “Coordinated
Plan.” (Sec Bul. 13, Dept. of Public Works.) The recommended capacity
is 1,121,900 acre feet; the cost of dam and power plant is estimated
as $26,000,000; the canal svetem to utilize this water is estimated at $30,-
#00. ‘The reservoir may be utilized in controlling salinity, To quote from
the above mentioned report, page 115:

“Bacrificing the power feature at Iron Canyon dam would, with other con-
struction unchanged with the exception of the arrangement of outlets through
the dam, supply a reserve storage of 364,600 acre fect of water in Iron Can-
¥on reservolr to overcome, or alleviate, the salt water menace in the delta re-
gion should such be desirable, Such use is not advocated, but it is demonstrated
that there are possibilities along this Iine.”

Should the irrigation feature likewise be disregarded, Iron Canyon would pro-
vide a net annual irrigation draft of 800,000 acre feet or just about enough
water to control salt water as low as the mouth of the river—provided the
water could.be carried past head gates and pumps on its way to tidal waters,
Under this condition the power feature would be sacrificed to a larger extent®
It is difficult to picture a dry vear when water and power are both scarce, in
which it would be possible to release a large quantity of water, disregarding
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its best use for power, and have the riparian and appropriative users of water
along the hundred and ffty miles of the Sacramento River permit thiz flow
to pass by uninterrupted to tide water. The plan does not look practical.
Other reservoirs may be used for the same purpose, that of increasing the
flow to control salt water, For example, a reservoir on Feather River has
been suggested, and another on the American at Folsom. Both of these
reservoirs witl have value for power development and that value will be greatly
reduced if a large quantity of water is held for saline control. The most
practical suggestion is in connection with a reservoir on Dry Creek, north of
the Mokelumne, the water to be diverted from the Mokelamne River. The
rights obtained by the East Bay Municipal Utility District for storage in
Lanch Plana Reservoir practically climinate this reservoir from consideration.
In connection with the proposal for storage and release of water, it should be
remembered that the $tate Department of Engineering has made the sugges-
tion as a temporary expedient, with the expectation that permanent relief
would be brought about by the construction of the salt water barrier, This state
of affairs would leave the delta lands dependent on a temporary right to be
replaced by a permanent right which would be arranged for at some later
time, With the growing condition of California and the certainty that the
temyporary supply will be invaded by increased diversions, this is a very pre-
carious water right, not one which will satisfy the delta land owners. Further-
more, the plan does not consider users below the delta, cither towns or m-
dustries.

New industries will not be attracted by any temporary improvement in water
conditions, Some permanent solution must be reached. It is important to
California to have the decision made at once so that the great industrial
expansion now going on can be lotated to a maximum extent in this state,

WATER FROM QUTSIDE SOURCES
Under present conditions the towns and industrial area cannot leok to any
place within tide water level for a source of water. Above tide levels the
following are the principal supplies which may be considered: '
" Tel River, o '
Conn Valley,
Patah Creek,
“Mokelumne or Cosumnes,
‘Pumped water from irrigation districts, San Joaguin Valley,
Zast Bay Municipal Urility District. '

All of these sources may be considered, but as all are distant, with long pipe
lines and other costly works, they will be able to supply water only at relatively
high cost, prohibitory to the types of factories now located in Contra Costa
and Solano Counties. Piping water across these straits will be a very costly and
difficult affair. The barrier removes the necessity of any pipe line crossing,

LOCATION OF BARRIER
For the purpose of providing fresh water to cities, industries and agriculture
on adjoining land, the lowest location of the barrier accomplishes the most,
However, water supply, cost and convenience 10 other interests masst be con-
sidered before the location can be selected, . The following may be said on
-these points: P - : ' S '
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Water Suppiy. The attached tables give the requirements for fresh water
above the barrier upon the assumption that development is complete. These
figures, in part, are taken from the Young report—in part arc the results of
studies made for this investigation.

Requirements for the full year are:

Army Point._ P A SO 1,160,000 acre feet
Point San Pablo N S 2,024,000 * 7
Difference .. 864,000 * 7

For the irrigation period May to September, inclusive, the requirements are:
Army Point. ... - 638,000 acre feet
Point San Pablo 1,236,000 »

Additional storage on the headwaters will be required to sapply the barrier at
San Pablo.

Cost,  Young’s estimate of cost of barrier with bridge of clearance of 30
feet is as follows:

Point San Pablo. $75,200,000
Army Point . T 49,800,000
Difference oo e $25,400,000

Convenience of Other Interests.  San Pablo site is below the Mare Island
Navy Yard, a great obstacle. Navy men will be against the project. Ship-
ping interests will be more inconvenienced with the lower site occupied. At
present zbout two-thirds of the vessels that pass Point San Pablo continue up-
stream above Army Point. The San Pablo site will be a convenience to
vehicular traffic. The Army Point site will be convenient for both vehicular
and railroad traffic, though at present vehicular traffic is cared for by the
Carquinez Bridge.

FINAL CONCLUSION

If the salt water barrier is built at Army Point to earry vehicles and railroads,
and the proper part of the cost paid by these interests, the salt water problem
can be solved permanently and cheaper than by any other solution that has
been suggestad.

The cost of a bridge for rail and automobile traffic at Army Point cannot be
determined without more work than is possible in an investigation such as
this. It can be safely said, however, that the cost will exceed $10,000,000.
Automobile traffic over the Carquinez Bridge (which has been in use less than
a year} s at the rate of approximately 1,100,000 automobiles a year and is
growing rapidly. There will be economic justification for an zuto bridge at
Benicia before it can be built, Automobile traffic will justify an expenditure
of over $10,000,000. The two combined will be over $20,000,000. If this
figure is taken as the value to transportation, there will be left, approximately,
an equal sum to be paid by other benefits.

Iron Canyon Reservoir, the only definite storage reservoir suggested fof
temporary control, will cost $26,000,000. The salt water barrier would
permanently solve the difficuities for a smaller sum.
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[ TABLE 1}
AVERAGE MILES TRAVELED BY WATER BARGE
CALIFORNIA-HAWAIIAN SUGAR COMPANY

Year  Jan. Feb, Mar. Apr. May June July  Aug.  Sept. Oct. Nov. Dec
1908 19.8 116 12.5 14.0 129 16.7 26.3 26.8 33.2 27.1 24.8 25.7

1909 6.9 0 45 7.7 5.0 47 105 194 232 242 21.0 117
1510 9.6 10.0 3.8 3.0 6.4 108 204 267 27.6 25.4 246 19.7
1911 116 2.3 162 1.0 2.1 0.7 5.7 164 232 245 247 25.5
1912 22.0 16.1 14.5 127 88 7.1 17.6 24.7 244 242 [9.0 185
1913 164 13.6 132 9.9 69 10.3 21.0 257 266 27.8 26.1 20.4
1914 2.1 1.2 16 25 22 34 10.3 200 244 245 239 237
1915 164 2.3 3.1 43 26 3.7 126 208 244 242 230 17.5
1916 49 0.5 1.0 2.3 64 58 132 22,6 250 217 21.2 15.4
1917 16.0 13.1 6.5 63 3.5 48 155 249 262 26.0 25.1 24.4
1918 24.3 15,1 9.6 6.2 92 150 27.0 385 37.2 23.0 231 21.0
1919 204 94 7.7 357 43 14.1 353 37.7 37.7 26,8 25.7 23.3
1920 23.8 24.0 17.2 12.0 129 7.4 26.0

[TABLE 3]
COMMERCIAL FISHING—SAN PARLO AND SUISUN BAYS AND
SACRAMENTO AND SAN JOAQUIN RIVERS

(Varieties)

Salmon Shad Striped Bass Total

Native Planted Planted Pounds
4,529,048 1,573,713 759,733 65,862,494
3,860,312 1,409,322 668,290 5,937,924
2,511,127 797,128 599,698 3,907,953
1,763,066 1,109,445 682,717 3,557,228
2,243,945 1,285,334 906,869 4,436,148
2,640,110 1,538,733 658,244 4,837,089
2,778,846 2,439,441 836,301 6,054,588
1,261,776 902,202 749,573 2,913,551
920,471 4,103,012 644,789 5,608,272
Total, 9 Years.. 22,510,701 15,158,332 6,506,214 44,175,247
Mean._... ... 2,501,189 1,684,259 722,913 4,908,361

The run of fish will vary from year to vear in accordance with weather, feed and un-
knewn factors.

A low or high run for one year may not mean absolute evidence of cither increase or
decrewse in the species,

For example, the extremely low run of salmon in 1927 does not necessarily gean still
lower run in 1928, and similarly with shad in reverse tendency.

However, there seems to be a general decrease in salmon, probably an inciease in shad,
and a static condition in striped bass.
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THE SALT WATER PROBLEM

[TABLE 5]

SCHOOL ENROLLMENT

BAY SHORE DISTRICTS—CONTRA COSTA COUNTY

City of Antioch
Supporting Document
March 22, 2010

Totals are only shown where data are complete for all divistons.
In addition to above, in 1926, there was a total of 1,752,000 tons valued at $124,-

Elementary Schools: 1913 1921 1927
@aklovm N 85 118 158
Antioch . 333 454 731
Pittshurg oo e e 668 1122 1485
Bay Pointoeeee -3 S — 162
Martinez - 403 792 1068
Port Costa - 122 108 75
Carquinez (Crockett) . 447 5§72 617
Selby .. s (T2 99 128
Rodeo BN e e 108 132 198
Pinole Hercules .. e 227 258 217
San Pablo . . 182 227 282
Richmond - 2288 3380- 31997

Total Elementary P 5020 7262 9118

High Schools:

Antioch ... 103 142 149
Pittsburg .3 e 183
Alhambra, Martinez. ..ooocoeeeee cocemescacecmermeonas 77 121 294
John Swett, Crockett i 86 119 206
Richmond - 242 655 754
Total High School...... 510 1037 1386
Total both..... 55390 8299 10,704
[TABLE 6}
WATER-BORNE TRAFFIC
1J. §. ENGINEERING DEPARTMENT DATA
(Total Movement, Tonnage and Values in T housands of Tons and
T housands of Daollars)
Suisun Bay Carguinez Strait San Pablo Bay Grand Total
Year  Tons Value Tons Value Tons Value Tons Value

1917 Do Data Incl, in San Pabla 11,946 $212,592

1918 No Datz Incl, in San Pablo 4,330 152,206

1919 305 § 7,034 Incl. in San Pablo 4,634 184,476 4939 191,51¢

1920 433 13,877 2,079 $97,991 1,696 54,620 4,208 106,488

1921 562 19,670 1,720 2,019 96,177 4,301

1922 1,329 32,006 No Data 2,652 118,234

1923 2,659 43,704 No Data 2,466 109,022

1924 2,341 51,066 No Data 4,200 156,999

1925 4,204 88,670 7,673 183,000 4,754 234,409 16,631 506,079

1926 4,205 90,687 7,844 135,522 4,667 260,920 16,716 487,129

077,616 to or from the Sacramente and San Joaguin Rivers, most of which passed
through Carquinez Strait. However, all of this having origin and destjmation in

the above Bay division, it appears there also.

1926, 2,650,000 tons.

Railroad ferry freight trafic across Carquinez Strait was, in 1928, 2,706,000 tons; in
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THE SALT WATER PROBLEM

|'TABLE 7}
OCEAN-GOING WATER-BORNYE TRAFFIC
U, 8, ENGINEERING DEPARTMENT DATA
{Tounage in Thousands of Tonc and Values i T housands of Dollars. )

Suisun Bay Carguinez Strait San Pablo Bay Grand Total
Year Tons Value "Tons Value Tons Value ‘Tons Vialue

19252059 $43,823 5188 $147,485 4011 $66,999 11,858 $258,307
1926...... 2495 41,173 4204 107,228 3866 58,942 10,625 207,343

Data do not permit & separation of bay business from oceun-going business previous to
1925, and Carquinez Straits’ data are entirely Iacking for thee vears.
3 3] K

The magnitude of the DPetroleum Products traffic and the proportion of the total it
occupies are obyvious when the following tables are compared with the zhove.

Suisun Bay Sarquines Strait San Pablo Bay Grand Total

Year Tons Value Tons Value Tang Value Tons Value
1925 .. 2464 $34,391 4415 $ 49,562 3837 $435,714 10,716 $129,667
1926........ 2168 33,663 3409 40,454 3708 43,837 9,285 117,954

QUTGOING BAY AND OCEAN WATER-BORNE PETROLEUM PRODUCTS

1925, 547 $20,811 2949 ¢ 38,217 1019 $19,783 4,515 $ 78,811
1926........ 615 29,989 2740 35,197 940 23,837 4,301 89,023

Does nat include Standard Ol Co. Richmond plants.

[TABLL 8]
SACRAMENTO AND SAN JOAQUIN RIVER TRAFFIC
U, 8. ENGINEERING DEPARTMENT DATA
(Tonnage and Valies)

Sacramente River San Joaguin River

Year Tons Value ‘Fons Value

1910 s 496,147 ¢ 29,522,151 631,681 % 32,878,108
505,285 32,139,048 600,128 35,768,215

477,292 27,755,325 632,591 38,834,539

733,594 35,856,791 820,399 38,341,174

721,090 38,211,760 772,156 35,479,741

766,935 18,027,703 831,234 36,358,240

875,780 46,908,093 824,222 42,179,160

947,690 906,820,992 1,890,836 50,367,760

1,053,510 113,991,123 2,114,382 65,204,825

1919 e 1,606,025 78,601,238 647,156 54,100,043
1920 s 1,377,700 53,946,146 092,300 42,203,211
1921 976,596 52,092,263 646,657 37,263,122
1922 e 1,291,135 60,606,728 678,751 34,291,675
1923 1,204,821 62,470,235 697,773 38,027,909
1924 1,796,105 58,662,997 727,499 38,185,313
1925 e 1,427,230 80,500,145 849,687 47,192,499
19206 e 1,222,993 85,315,284 934,809 50,455,662

Contains also movements between river points ondy.
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[TABLE 9]

WATER REQUIREMENTS FOR OPERATION OF SALT WATER BARRIER

WHLIN FULLY DEVELOPED
{( Quantities in Second Feet )

Point Saw Panlro

March 22, 2010

1 2 3 4 H 6 7 8 9 10 11 12
Fish Ladder.... 35 35 35 35 35 35 35 3% 35 35 335 35
Industries, ete. . 322 322 322 322 322 322 322 322 322 322 322 322
Gate Leakage ~ 166 166 166 166 166 166 166 166 166 166 166 166
Oper, Locks . 705 705 705 705 705 705 705 765 705 705 705 705
E\’.’lp()l“ati(m 250 300 450 650 950 1200 {250 1170 1020 800 3500 200
Trrigation o . _ 610 1680 2290 1910 1150 . . o
Flushing . 200 200 200 200 200 200 200 200 200 200 200 200
Totals, 8, F.....1678 1728 1878 2078 2988 4308 4968 4508 3598 2228 1928 1628

[TABLE 13]

WATER REQUIREMENTS FOR OPERATION OF SALT

Fish Ladder._. 33
Industries, cte. ... 155
Gate Leakage . 166
Oper, Locks ... 246
Evaporation . [0

Irrigation oo e
Flushing - 200

Totals, 5. F...... 912

WHEN FULLY DEVELOPED
( Quantities in Second Feet)

Y 3
35 33
155 155
166 1606
246 246
146 200
200 200

948 1002

Army Poinr

WATER BARRIER

4 Y & 7 3 9 10 11 12
35 35 35 35 35 35 35 35 35
153 135 155 155 155 153 155 135 153
166 166 166 166 166 166 166 1066 166
246 246 246 246 246 246 246 2406 246
288 422 530 5335 522 455 335 222 89
______ 380 1050 1430 1190 710 . . S
200 200 200 200 200 200 200 200 200
1090 1604 2382 2787 2514 1967 1157 1024 891
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September 30, 2011

Via email to: DeltaPlanComment(@deltacouncil.ca.gov

To: Phil Isenberg, Chair and Members of the Delta Stewardship Council (DSC)
Joe Grindstaff, Acting Executive Director, Delta Stewardship Council and DSC Staff

Re: City of Antioch comments on the Fifth Draft Delta Plan

The City of Antioch (Antioch) is pleased to submit its comments regarding the Fifth Draft Delta Plan. Our

comments are presented in tabular format, with chapter, page and line references, to make it easier for DSC staff to
review.

Included in our comments is an important issue that does not appear to be discussed in the DSC Delta Plan. We
bring this to your attention in hopes that you will consider addressing it in the final Delta Plan and EIR. The issue is
this: cumulative impacts to the Delta system as a whole are not discussed in the plan, nor is there discussion of
creating an oversight or regulatory agency to monitor overall health of the Delta system. For example, who will

track the combined impacts of the BDCP, Three Mile Slough and Old and Middle River gates projects on the Delta
as a whole?

Different agencies track different Delta indicators, yet there is no scientific body that addresses the viability of the
Delta as a whole. As projects come on line, and “adaptive management” is used for both ecosystem restoration and
project operations, who will track the cumulative impacts of the combination of projects coming on line? It seems
appropriate that the DSC address this in its Delta Plan, even to suggest a scientific body or group of agencies to take
this ‘system-wide’ approach to track changes in/impacts to the overall health of the Delta. Without such oversight,
another Delta crash could occur with no way to determine what went wrong, and what factors led to such a crash.

We very much appreciate the work that the DSC is doing and its ongoing efforts to obtain and incorporate public
comments and input. We look forward to your review of our comments. Please call me at (925) 779-7025 if you
would like more information or if you have additional questions.

Sincerely,

Phillip Harrington
Director of Capital Improvements/Water Rights

City of Antioch
P.O. Box 5007

Antioch, CA 94531-5007



ésapuatde

0} uoillppe Ul 331HWWOI SIY} Uo 1eas

e aAey alqnd ay) 10/pue s1apjoyayers
eljag ayl ||Im pue ‘93)wwod Siy} Jo
ued st oy ésiseq 8ujo8uo ue uo 193w

**uejd eyaq syl Suppuawajdwi
J0j} 3|qisuodsal sapusde Jo 3UWWOI

U ||IM 10 ‘uejd eY3q 3yl Bunuawajdwy e 93S43A0 pUB YS||qe)IS3 O] [12uno) LT 95
10} 3|qisuodsal Ajuo 3aaWWOoD Siy} S| 3y saJinbai 10y wioyay eyaq ayr vI-€1 SS
9pIM-WalsAs B)|aQg sy3 Jo yijeay
9y} 10)iuow 0} Apoq 1YSiS1aA0 J1J13U3IS
e 9}eaJd 0} UoI}epuUdaWW oI J0 Adljod
e pa3aN "U pasned 1d3foud J0 ‘wesSoud
JUaAd Ydiym Inoge Buipuelsiapun
ou yum yseud Aiddns/Anjenb ssrem uo
wa)sAs0da e3|aq e si Adjod o1 yoeosdde
apIm-wid1sAs e upjel J0u JO 12349
ayl ‘sweidoid/s109(0ad mau + Bujo8uo
woJj walsAs eyaq ayl ol sipedw
dAIBINWIND SSIIppPe J0u uoiuaw
30U S30p ue|d e}laq 3YL--T1°0E'6
palep ‘Yeiqg yyi4 aya Suipaesdau ue|d e)aq ay1 8unepdn ‘ue|d ey2@
SJUBWILLIOD JNO 0} JANIJ] 419A0D U |  3Y) 01Ul ueld J3Yylouy Jo uoijesodiodu| T€-LT 4]
€ 4a3dey)
o) ER[-To:
jenbaoa ayz jo uoleiapISUOd
éelusoyed ur waisAs spysu 1NOYUM 3pew ale eyaqg ayl 1dedw
131eM Jua14nd 3y} 3de|dau 01 $H33s ~ Aj303u1pul 10 ApI3aIp Jey) S10eqluod S-T 9¢
ue|d e3j2Q ayi 1eyl aiediput siyl saoqg 131BM JO SUOISIDap SIYSI4 431em ON €T-1T St
T 491dey)
xag Jaquinu au Jaquinu aded J91dey)

juswwo)

TT0Z/0€/6 Y201uY J0 A1) 3y} WoJ4 JUSWIWOD Yeid Yyid ueld e3j3q




¢SIY3u1 Ja1em

t161-9.4d 8uipjoy ayndsap ‘pajiennd

ag pjnom Ajddns iajem jey) ueaw siy}
$90( ¢ AMANDE ddue|eq 131em 3yl Aq
pajeduwi S1ysu Ja3em Jualind aie MOH

aoue|eq 431em |euoi8al Jo uoizen|ead

0v-8¢

€8

éAngenb

pue Ajddns s21em s, ydo1uy 03 syoedu
3yl Aq uaAup uoiIn|os [euoidal sayloue
10 J3jsuedy s1ysu 1a1em e ‘wod
UOISIBAIP S, ydoiluy ul 98ueyd e se yans
‘UoI1o€e PaJaA0I B 10 paau ay) Suisned
(yoonjuy se yons) siaiddns 1ajem ay}
40 auo syedwy Ajjuediudis 1 j1 ueld
B113Q 3Y} YHM JU3)SISuodul aq p|nom
d2A9g syY3 1ey) ajedipul siyl pjnop

3uimojjoy ay yo

aJow 10 auo yum Ajdwod o3 Buijie} Aq
uol}de PaJaA0d 3yl o) PasU 3y} sasned
Ajueoyiusis ey2g 2yl woJj 131em
3aA1322. Jey) suaiddns alem ay) jo
aJoust 40 3uo pue s|eos jenbaod ay) jo
340w 40 3uo sjoedwy AjaAIleSauU uoilde
paian0d 3y3 Jl uejd €113Q Y3 yum
JUSISUOIUL S| B} D@ 3Y) UL 19)1eM 3SN
10 Y8nouy) Ja1em J9jsuel] ‘WO J23em
}40dxa 0} uoIjIe PaIAN0I V - Td UM

8

p 491dey)

"Ajuaepd

35e3|d "SIy} 121pesuod 0) Swads §E-7€
saul| ‘19 aded wWoJ4) JUBWILWOD SN0
3yl 'ddag yum Adualsisuod spasu
Ajuo d>Qag 1ey3 a3ed1pul 03 SWI3S SIy |

‘uejd e3aQg 3y} 3J0jaiay) pue

dJa8g Y}Mm JUd3SISUOIUI UOIIIR PIIBA0D
3y} puiy 03 AjlJoyine ay} suie3as |1ouNo)
3yl "ddag Y1 Yum JUNSISUOD s

uol3de paJanod ay eyl Ajuo Sunedipul
UOoI1BI111432 AJU)SISUOI e I ISnw

€C-0C

9

é1P2.10d

SIY} S| "uejd e}2Q 341 YUM Ju31SISuodul
punoy aq pjnod 4dJag Japun

afoid e Jeyy ajedipul 01 SWIIS SIYy L

‘uejd e}aq 3yl Yum jualsisuod

si ue(d Ja8iej 3yl ey} spuy} j1DUNO) 3y}
J1 UBAS ue|d B}3Q 9Y} YIIM JUDISISUOIUY
123foad diy133ds ay) puty 01 Ayuoyine
3yl sujelal [1puno) ay) jeadde uodn -

8¢-C¢E

19

‘Buliopuow pue 1ySisiano

404 apiaoad 01 Amua/Adod e pasN
‘walsAs eyaq syl 01 ppe Aew ued
[euoilippe ue eyl soeduw aajenwnd
9Y31 SuLIapISu0d JO UOISSNISIp ou ‘uledy

ue|d e}13g 3y} o weidoud 10 ueld
Jayjouy jo uonesodiodu] Aleuonaldsig

T€-91

19




"dJOM 8unsixa

3Y31 yum ouel|dwod ul 3q 10U [jIMm
SISIYL 'y3nojs aIN-924Y | 0} ucjewwy
wioy} Jujod 2duefdwod Ayjenb

131EM JO 2A0OW B UIRIUOD S3AIJRUII} e
uoneiado 4dHgg wauund ayj

‘ueld €330 Y1 yum

A3ua1s1SU0d 3UIWIBY3P 0} Pasn aq ||eys
S3A1193[qO ue|d |043U0) ANjenD J31eM
e1ag-Aeg Sunsixa ay) ‘anoge paynuapl
BII3}14D S3AI3D3[QO MOJ) PasiAaI

JO JUBWIYSI|eIS 3y} 01 10ld Td Y3

[4%)"

149

« P311041U0D MOU 3. Jey) SMO}
pooj} 8ujo81no adiej Aq pasuanjjul
sem Mmopino eyaq (g€, 12qunn e ppy

«Judwadeuew pajeald uewny Jayio,,
Jaye ,syodxa Jalem se yons, Wasu|

:sAem om) uj suianied asayy pasueyd
sey , Juawaleuew pajeasd-uewny
19410,, pue SJ10AJ534 weadlsdn

YHMm walsAs 131em Ino s,096T SY1 dUIS

1xay dey

11

s 131deyd

¢Syl yum Aildwod

0} aAey suap|oy s3ydu a1em y16T-2ud
op ‘os|y ¢313foad 4OQ4g e 104 uonediw
B 249M 3sn JO 3de|d 10 UOISIIAIP

uj a8ueyd ayl y8noyi uai2 ‘pajenjea’
ua3q aaey saaneusadyje Aiddns 1ajem
13410 ||e Jey] alesisuowap o} aAey
pinom uoiesiiw e yons jeyly uesw

siY3} sa0@ °dHag 2y3 jo sypedw ayl

J0 3snedaq ‘asn o adejd 10 UOISI3NP JO
jutod sy a8ueyd 03 paau Aew yronuy

saAleusadye Ajddns s1azem

3|qiseay Jaylo [|e pajuawajdwy pue
paienjeAa aAey sjuauodoud 3foid aya
1ey} 2)LIISUOWIP PINOYS PaYysialem
e1j9Q 2y} WO} 131em JO ash paseasdul
JO Mau uj s}nsai jey} asn jo asodind
10 ‘asn jo 3de|d ‘UoISIBAIP 4O JuIod Mau
e Bunzsanbau syusuodoud ey asinbau
PINOYs YMQ J0/pue gIUMS — SH ¥M

LE-VE

v8




‘paysialem e}jag ayi ui spaloud

pue $10ssaJ4)s Jo soedwl dAIIR|INWND
241 8ujuiwial3p 104 UOJIEPUIWIWOIBI
J0 Adjod e spaau ue|d eyaqd 9y} ‘uiedy

"109443 pue 3sned Jnoge IdU3IIS JO
yoe| 9yl Inoge uoIssnasIp - ajqissodwy
40 1 N2YYIp Si S10Ss3J)s Suyjjonuo)

ze-61

[44!

‘3J9y 01 Buiiiayas a1e

noA syafoid jo adoas ayl Ajepd ‘jou

1 "213y 31e1s ‘0S J| ¢dDAg --01 BuLuaal
siy} s1 ,suonenodau uioduo,, 1eym o

sauade Ajddns Jaiem yim Jusawaaide
1eliqey e pJemoy ,suoljeljodau
8ui08uo,, 3a3|dwod pjnoys - sapuade
ysy |elapa] pue alels — gy H3

9¢-vZ

114"

éutod asueldwod

j0 a8ueyd 104 gIUMS 03 dOa8

Aq uoizad e Buipnpoui asn jo adueyd
104 uonnad Aue 01 Aldde asayl pjnom

‘(sease pajoeduwn ayy

UO pPasNI04 ag PN0J UOIIEPUIWLIOIA
3yl uay) ‘sarieinguy Jofew ay) jo asow
JO 3U0 0} JY123ds S| BLIBNID MO} JO
3JUISCR Y3 H ‘40) paysiaiem elaq ayl
pue e3}|2@ 3y} ul sHwiad s3ySu 1a1em
Suinss) asead pieog [0J3U0D) SI24N0SIY
131N 911§ 3yl eyl puawwoddy

‘pajuswajdwi ase

SaA2alqo moyy pastaal ayl |lun ueid
B113Q 9Y3 YUM 1UdISISU0I 3 10U p|nOM
23133 3Y1 Y3n 0.4yl 10 woly 191em Hodxa
1O ‘aAOW ‘LIDAIP ‘21015 0} WISISAS Jalem
Aue jo Ayoeded ay) asealdul pjnom
1BY] UOI}oe PaJ3A0D e 1BY] 3ulwlalaq

Vit




"(suonipuod 8T6T-34d 03 pan

3q pinoys yoiym) uianied moyy jeanieu
e $31N31ISU0d 1eym suiuyap Sutpnjoul
‘pasinbau s1 jie1ap aiow ‘andea

AJan st aunseaw duewuopad siyy

J " 8uiapow siweuApolpAy pue
Surtojiuow |ediSojolpAy woly synsal
:So119N “Asenisa Ayyjeay e poddns

0] suianied Moy} jeinjeU SI0W 01 SMOY
e3}|9g-ui 8uli0)sal pIemo) ssaudoud,,

LE-61

LTt

*asn |euol}easdal

Sy} J319p pjnom ajueuljuiew

eullew pue }eoq 0} paje|aJ

$3NSSI SNOJAWNU JUSWUONAUD 131eM
ysaJy s}l 40} }2Q 9Y1 asnh siajeog
"(TT°6°8) Yeup ueld Ayjiqeuleisns
J1LOU023 3y} 03 SuipJodde ‘elyaq 3yl
10} $190npoad BNUIAIL Jeucilealdal,,
T# 9Y3 aJe 8uiysiy/3uneoq jeuonealdlay
"e113@ aya ul Sulysy pue uneoq
|euoneasdal Joedw osje pjnom Ajuijes
paseasou) ‘Ayjenb/Aiddns sa1em g
e312q-ut uo syoedus sofew aAey piNod
Auuijes ajgelsena 3uimoj|e ‘suoipuod
ay) pue uonedo| ayi uodn uipuadag
‘uejd ayi inoysnouy) Axues

SuiAien 104 suonndo sassnasip ue|d
e)jeg 3yl ,Ajewiuiw,, 8una|ap 15983ng

. Ajddns 121em Bundnusip

Ajjlewiuiw pue syjauaq walsAsodd
[le1an0 Buipinoad 3jiym sa1dads aAIseAul
aAljeuuou jo syoedwi onpas 0] Aluijjes
SuiAuena 10} suoildo 13pIsuod pjnom
sdoysyom ‘ajdwexa 404", — LY Y3

Ve-S¢

vl




"(0T0Z ‘poday Anuijes |ed1I0lsIH
aMD)) uoisnaug Ajtuljes Jo Junowe ayy
Suiseasou ‘uoiyeydinaid o3 asuodsau
s,Ww3)sAs 3yl padueyd sey elaq a3y

}JO uojiezijpuueyd ayl ‘4ayung ‘(Wodas
Auuijes 2103151y dMDD 99s) saeal

AJp Bunp usA3 B}|aQ UII1ISIM BY)

ul Juasaid sem 1a1em Usaly ‘Ajjed101sIH
‘2313 u191sam ayy ui Alljiqeliea pue
Anuijes Joj 1030e) Jofew ayi si ,MOJIN0
e}3(Q,, "928} SH UO 1234403 10U SI SIY)

‘paysiarem

3y} u1 uoneuddasd Jo Junowe

3yl ag 03 S3NUIIUOD YSIBA Unsing

pue e}[3g uJalsam ayy ut Ajiqersea
Anuijes jo sanup Aewnd ay) ‘491em
}0 32ueASAUOD pue ‘98e103S ‘UOISIBAIP
Aq pasned juaipessd Ajuijes aya

Ul SIHYS 3|geInseaw asayl YHM uaa3

vv-1v

9¢tl

ue|d e}{aqg 3yl ul

$INJJ0 Judwadeuew J91eM,, JSAIIIYM
pauasul 3q 0} Pa9U SUOISIIAIP pue
suodx3 - Juswadeuew Jalem J13ylo
pue ‘suoisiaAlp ‘spodxa,, 01 padueyd
3q pinoys ,Juswaseuew J31eM,,

Aupqenea

ajew)d pue ‘Juswadeuew Jalem
‘vonzeayyipow adedspue| JO GE Isnelraq
sieaA g1 1sed ayj Jano pasdueyd

sey jualpesd 131em)jes-191emysaly siyL

9¢-S¢

9tl

‘(Aepozi st 1 uey) 1aysal

iej Os|e sem wa1sAs 8yl Ing ‘Ajjeoiolsiy
a|qerien aiow sem Ajuijes “a°1) Aepoy
S20p ) UBY) 1S3M J3yLiej PaLINdI0
Ajjeauioisty Anjiqersea Aulies ays ey
PPY ‘MOJINO0 ppy "}3WS e)aq se yans
salads 10} se |jam se e}9Q U415
ay3 ui Ayjenb saiem jo sjeo8 |enba

-02 3Yy1 JO JUSWUIBLIR 10} J0}D8) |BIINJD
e sl pue 243y Sussiw S MOJJANO eljag

‘SMOJJUl JDALL

Ayjenb-y8iy yum ydeaSoupAy sjqeuea
Ajjeanjeu 210w e YHM JU31SISU0I

aq pjnoys susanied Ajuijes ‘waisAsoda
Ay3jjeay pue juai|isas aiow e Joddns o)

161

133

g s91deyd




JUBWALLIS SIY} Yyum saaiSe yoonuy

‘(00z welBuj pue weoy-pnwele)
S314N1UII Y1213UaM] pue yiuaalaulu
Y1 ul uoneIYIpow uewny a4043q
sieaA Q0S‘z 104 B1|3Q UJSIM BY) Ul
Wa1SAS0I3 J91eMYSaLy B Sem e}ad ayl
1BY} “4aAamoy ‘Suouls S) dUapIAl 3y

LT-T1C

LET

dAuunies Jaysy

pue Moj} SS3| MOJ|E [|IIM YdIym ‘y3nojs
31N 934y 03 uojeww3 wouy syutod
2oueldwod Jo 3A0W pue ‘SMo|1no

0} a8ueyd 47ag Y1 uan1d ‘pansasaud
3 BUO0Z 19}eMYS3JJ SIYT |[IM Moy ‘e)faq
ul33sam ay3 ui auoz Ajuijes moj uodn
uapuadap aie }aws e}ad 1Yl UaAID

(700 4213Wwty)

dwiiys Aeq pue }aws uyduol

. JO @duepunge J91ea43 Yum pale|aod
aJe (SanjeA Zx 13|jews) smoyno

13ysiy ‘s1 ey “(sAyayo1ajoyr snyouiids)
1 2ws uysuo| pue (wniospPULLf
uobuni)) dwuys Aeq ay) se

yoNs S93eI(IUIAU| pPUB YSIj SULIEN)SD
|R1BASS JO ddUBpUN(E 3Y] YIM
pa31e]aJ10d os|e st ZX jo uolsod ayL
‘(8002 "1e 12 eSLIQON) ZX 1e3u patajuad
si Jeak ay} Jo 3sow Suunp uonnquisip
113Y1 "7S1 9y} 04 dudaud

e moys (snaifioodsuna) snsawiodAH)
1jows e)jaq pa138uepua ayL”

0z-ST

LET




‘pardedwi 3q osje pjnom Suiysyy pue
Suneoq |euoneasdas eyl ppe asesid

‘Ayjenb iajzem gIA pue
oy uo 1oedw aanedau aaey pjnod Auea
03} Auuijes Suimojje Jnoge Jndu0d I

'$3173ds aAll_U 11}2Ua(g PINOM UOIelIeA
Alluijes 131248 1ey) 4833 10U SI Y ‘Sny).
*S1S1X3 AjJUa.LIND UBY) JUSWUOHAUD
13Ysauy Jey e uiyum os pip 3 ‘ised ayl uy
Anjigelriea iajeaus ajuasadxa pip eyaq
9yl ajiym ‘(0Toz) 1odas Apnis Anuijes
|E2LI0ISIH QMDD Ut Pal0U Se “J9AaMOoY
!s9129ds aA1leU 11J3Ua(] P|NOM SuolleLieA
Ajuijes yey sarjduwi Juswaiels aylL

‘sasodund |einynoui8e 10y

ajgesnun Jaiem sayew ‘Ysnous ysiy Ji
‘10 (0TOZ uewHOH) sp|a1A dosd sadnpad
Allutjes pazeaa)] ‘syujod UOISIDAIP

B}{3Q 43410 pue ‘dAD ‘dMS e 191em
£}]2Q 40 sasn jedidiunw pue jeanynduge
1oedw pinoJ saads ysi aAlleu 1jauaq
1ySiw jeyy Aem e uj Azea o3 Ayuljes
Suimolv ey aq ay1 01 mopul 1Ay
ojuaweloes ueyy Ayuies uj 1aysty
Ajpueaipiusis s ‘asn jeanyndiise pue
jedpiunw 10} spiepuels ajgedijdde jje
Supeaw Ajjensn ajiym ‘e)aQq uiayinos
ay1 us sdwind podxa (dAD) 199foud
A3jjeA |es3ud) pue (dMs) 193foid
J91e/M\ 91e3S 3yl 1e Ayjenb saiem

Te-LT

8eT

. Juswdojanap

21043q paisIxa 1eyl susdned
juaipesd Ajurjes awes ay3 adnpoud
10U |{IM MOJIN0 e}aq ul Ayjiqeriea
aJow 3uimolje Ajduss,, 1eyl 3313 I
oT/ST/TT

paiep ‘dDag jo siedwi Suipiedas

|e 32 JeispullD ‘819quas| 01 J19119)
JUBWWIOD S,YI0I3uY 310N “Ju3lpesd
Anuijes ay3 pasueyd Ajjeanjeweap
aney (sQ06 T Al4ea 3y) aduls) suodx3
‘3JUUIS

1s414 3Y3 ui 98ueyd Judipesd Ajuies
40 asned e se ,syodxs J31em, ppy

uswdojanap

34049q palsixa 1ey} suianed

juaipesd Ajuijes awes ayl adxnpoud jou
1M MOPINO )43 ul Alljigeliea aiowl
Suimoyje Ajldwis ‘Ajjuanbasuo) ‘mopino
uo sule|dpoojj pue Spue|}am JO S1034J2
Sunjesapow ayy Suppnpal pue ‘sjauueyd
uaaM13(q SUOIAUUOI Suisealdul

‘e3[2@ 3Y3 Ul Sap1 40 Y13uans ayl
Suiseasou) Aq Juaipead Ayuijes eyaqg ayl
pasdueyd aney S39A3| JO UOIIDNIISUOD
pue ‘ysieus [ep1} JO Junowe

3y} u1 uondNpal ‘sjuueyd 4o Su18paig

£T-SC

8¢l
LET




‘eyaq
3Y3 Ul JO1IB} JJWOUO0II |eUOI}ealIdl

T4 SIY3 4313p p|NOM dueuuIew
eUlJEW pue Je0q O} palejas

SaNSSI SNOJSWNN “JUIWUOIIAUD J31eM
ysalj SH 10§ B2 Y} SN sualeoq
‘"YW pue sa1dads ‘sia1eoq 1edwi

[im Alugjes ul Ayjigeriea pasealdul

10 Ajjuljes paseasdu| “siyl yum sinduod
ueld AMjiqeuleisns J1wouod] eyaqg

"(zooz

Maa) 0zoz Aq sAep Jousia uoyjiw

8 01 ymous pajoafosd T e yum ‘000Z
Ul UOI[jIW 9 Je P31ewilsa 349M el
ay1 o1 sAep Jousia paiejas-8uiieoq
|enuue ‘Apnis zo0z SAemialem

pue Suneog jo yjusawiedaq

BIUJIOH|ED 3Y] U] "B} D@ 3Y) Ul S31HIAIRDR
uoleasdal Susixa o afejuadiad
159431y ay1 Judsaidas uonealdal
juapuadap-iaiem pue 3uneog

ve-te

161

g 19)dey)

(-aseasul

Auuijes pue spodxa inoqe ejep

HMQ 1U3234 pue spodxa paseatdul

03 anp sOO6T Y3 Ui suolipuod
SuiBueyd 1noqge 8zZ6T ‘Hoday

SUB3IAI) Y1I0oU Y} WOy SUOISIIAIP aie|
pue spodxa Ja1em usaq Ajjesuolsty
sey e}j3aQ ay31 Ol J3eMeas Jo Suixiw
|epi3 4oy si039e) Asewlsd 3y} Jo auQ

"2}|3@ U43IS3M Y1 Ul J31eMm Supjulip

ul Ajluijes aseasdul spodxs paseasdul
se ‘22ua1uas SIy3 ul palst| sasned
jeanjeu-uou ayj 01 ,SHOdX3 13lem,, ppy

‘uoea1d3l 12e3U03-Apoq

pue Jajem Supjulp Y10( 10} XSI 3Se3SIp
e ale pue sJ1alem eyaq ul asaud

0s|e a.1e SasnJIA pue ‘elia)deq ‘eozolosd
J1uadoyiedadseydsip 191eMalSEM
|edidiunw pue ‘youns [eanynduse
‘JJounu ueqn se ||am se ‘spuejiam

WO} 4311w duesio pue Jalem

JO XNnj} 3y3 pue ‘e}a@ 3yl oul J3jemeas
J0 Suixiw |epi3 se yans ‘sassadoud
|eAN1BU 3PN|2U] UIIDUOI JO SJUINUISUOD
J91em Supjupp asayi Jo S3N0S

0€-9¢

6t1




"(dAD) 13load AsjjeA |esua)

9y} pue dMS 33 JO SIUSWHWWOD
uonesiiw Sunsixa 03 yuensand
pajuawajdu Sulaqg sjuawanosdwi
walsAs029 1a3104d pue ‘sysu

pooj} wou) Hedxe ,walsAs Ajddns
191eM,, BY2Q Sunisixa ayy 1a104d

0} uay e} aq p|noys sdais alelpawil,,

:peaJ 01 aSueyd 15383ng

SWdIsAs

ajoym ay} 30330.4d 1ey) ‘el aqg u4a1saMm
3Y1 Ui S83A3| In0ge Jeym ‘Iuadin
paJ1apisu0d aie sain)puadxa waisAs
-Jodxa J31em Ajuo eyl sayedlpul siyt

‘aiow Auew pue

‘32u312s Buipuny ‘SUOIIUBAQNS 93AI)]
Suipuny ‘suoiuido |ed180|01q |el3pay
Y1 Sunuawajdwi apnjoul sajdwex]
‘papuny aq 0} aNUIUOI pNoYs

18y} s}043 SujoSuo 1ay3o o) uonippe
Ui 31e SUOIlepUAWILLIODAS 3S3Y] "ue|d
e1]2@ 3y} Jo sia1deyd snouea ay} ui
PassnJsip aJe SP3au dleipawiwl asoy )
"(dAD) 123l04d A3jjeA jB2IUB) BY) pue
dMS 3y1 JO SJuaWHWWOD uonediiw
8unsixa 0} yuensund pajusawsaidwi
Suiaq suawanoiduny walsAsods
123104d pue ‘Sysi1 pooj4 WO WI)SAs
1odxa Ja1em e}aq Sunsixa ayy 90ud
0} uay e} aq pinoys sdajs ajelpawwy|
:uo1109104d WaIIsAs0da pue Ajjigernjal
J31em Joj saunypuadxa Juadin

€C-L1

80¢

6 491deyd

«232d 3y}

ul saIUNWwWwod A>e8a| pue saidajeuls
21Wou023 pasodoad ay) Loddns

03 UonDa.tlal pup buiipoq ‘19N J0f
A3)onb 1310M SD YINS) $324n0S34 ISNJ3
anqnd fo asn [pidtfauaq 13yio S [|am
SD ‘2In3dnJiseujul sy pue aunynduide
213 JO AJjIgeUIRISNS JIWOU0IDO0ID0S
panuiuod UoO SUOIIEPUIWWODIA
Suipn|out ‘sS04 JWOU0I3 |BI0| J13Y10
pue suejd |e13ua3 |ed0] Ul SaAI3Iqo
pue ‘sapijod ‘s|eos s1wouods ayy,,
:peaJ 03 a3ueyd 15288ng

e}ag
a3y} Ui saiunwwod Adeda| pue
sa18a1e.1s J1wou0d3 pasodoid ayy
1oddns 01 ainjoniiseyul sy pue
ainynaude eyaq jo Ayjigeureisns
21WIOUO0JIO0II0S PaNUIILOD
uo suojlepuaWWo33. Sulpnjoul
‘S}10443 J1WOUO0ID |BI0| 430 pue
suejd [e43ua8 |e20| Ul S3AI3([GO
pue ‘sapjjod ‘s|eod Jjwouoda 3y e

****0} PajyiW| a9 10U Inqg ‘apnjaul p|noys
ueld ANjiqeuleIsnS J1Wou0d3 3yl TY da

T€-8¢

L61

ot




‘JjasH 1daloud

dDad ayi jo sideduwi 3y} Jayns se [|am
se syoafoud 1paJsd uonediiw s,d1ag
104 Aed o) pasinbal aq sso04a13y)
pinom oym ‘s1apjoyayeis eysg-ul J1aylo
pue ainyndu8e eyaqg-ut 01 oedw
1500 Ay 3|qnop,, e st siylL "eyag

ay3 ui s1apjoyayeys paredwi Aq 104
pied aq pjnom 4dag ayi Aq pasinbas
sya3loud uoedniw uojeioisal
waisAs029 1eyl sareapul syl

swesdouad adualds

Jo 9lepdn ue|d 431eM BIUIOJI|ED) Y
Suidojanap se yans s1sod Juawadeuew
J2}em 31e)S 104 PASh 3q pIN0I 10 ‘spuoq
uonesijqo [esauad yum pied asuo

3Jam ey} Ss1S02 wa)sAs0dd o4 apiaoid
pnoo a8ieyd sy ‘sJash |eanynduse
pue s1asn 131em uequn uo TT (966T u!
pajeasd a8ieyd spood diqnd ASaaua ayl
0} Jejiuns) adieyd spood Jjgnd e ajeand
pinoys QT 2.n3e|s1837 ayL "491em 10}
(934 49sn paseq-peouq +0) adseyd spood
aqnd apimaless e ysiiqeisd - ZTY dd

8T-01

[4%4

*13sn YN us.uNnd
SE ||9M SB U1y e ‘uewsaysyy e ‘Jareoq
e ueaw p|nod siy} ‘pajaidialul Ajpeoug

4 WISAS023 B)|3Q 3Y1 SS8.41S OYM
asoy} 10y, Juawalels ayl Aq pajedipul
S1 $53435 JO 3dA} pue JO [9A3] 1BYM
:Ajued asea|d

wasAsooa

B113Q 3Y} SS311S OYM 3S0OY] 10}

$33} 3|(eUOSEal pue SIsN |eidiyauaq 04
07 $23} 3jgeuoseal dojaAap 01 |1dUno)
diyspaemais eyaqg ayl aziroyne
pinoys aJnie|si8a ayl - 9y d4

1¢-0C

11¢

Tt




Note to Reader: This is a revised working draft prepared by the BDCP consultants. This document is currently undergoing review by the Department of Water Resources with input from the Department of
Fish and Game, U.S. Fish and Wildlife Service, National Marine Fisheries Service, and U.S. Bureau of Reclamation and does not necessarily reflect the position of the state or federal agencies. It is expected

to go through several more revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of a
revised version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.
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C.7 Conclusions

C.7.1 Summary of Changes in Flow

The preliminary proposal would result in very minimal changes in upstream flows or reservoir
operations. As such, there are only a few instances in which changes to the environment and related
effects on fish may occur. Flow-related temperature effects on spring-run Chinook salmon and green
sturgeon spawning and egg incubation are described in Section C.7.2.4n the Delta, flows in and
around the San Joaquin River and south Delta would improve, reflecting the reduced use of the
south Delta export facilities. However, the flow patterns in the north Delta could be altered by
operations of the new north Delta export facilities and the increased inundation of the Yolo Bypass.
These operational changes will reduce some Sacramento.River flows, resulting in reduced flows in
Sutter, Steamboat, and Georgiana Sloughs and the DCC: Similarly, the reduced flows in the
Sacramento River would slightly reduce flows in Threemile Slough: These changes in flow patterns
in the north Delta can affect the migration and passage of fish through and within the Delta, as
described in Section C.7.2. The changes in Delta flows are not expected to result in any substantial
changes in turbidity or DO, as described below. However, the changes in Delta operations under the
preliminary proposal related primarily to the new north Delta intake could have effects on salinity
in some locations, as described below. In. mostinstances, these changes in salinity are compounded
by the effects of restoration activities that would occur as part of the preliminary proposal and sea
level rise. The following sections provide a discussion of the general-trends of changes in flows
throughout the Plan Area. More detailed results are provided in Attachment C.A and are the basis for
the biological results presented in Section 7.2.

C.7.11 Upstream Flows

The CALSIM results indicate that there would be little to no'change in. how reservoirs are operated.
Thelargest changes to reservoir operations result from changes in runoff and inflow caused by
climate change unrelated to the preliminary proposal. Coldwater pool management would be
challenging for the CVP facilities. Oroville storage generally would be higher under the PP scenarios
and would exhibit greater flexibility to adapt to.future changes.

In general, the PP would increase carryover storage (end-of-September storage, often the lowest
each year) compared to the EBC scenarios. However, CVP and SWP operations are expected to
change operations to address the increased outflow needs caused by sea level rise and climate
change. These results suggest that the management of storage for the coldwater pool (May storage is
an indicator) would be increasingly difficultin the future, despite the fact that the PP would have
increased carryover. The frequency of the end-of-September storage falling below 2,000 thousand
acre-feet (taf) would increase by about 10% under both the PP and EBC in the LLT. Considerable
adaptation measures would need to be implemented on the upstream operation of the CVP to
manage the coldwater pool under the extreme sea level rise and climate change by 2060. Operation
of the PP would lessen these challenges, but the effect of climate change and sea level rise would
overwhelm these improvements.

These general conclusions are based on the CALSIM data, which are summarized below for each
reservoir and river, and the actual operational constraints of the CVP and SWP. Because the CALSIM
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Effects Analysis Conclusions

model uses a monthly time step, it does not necessarily capture the day-to-day operations that
would respond to potential adverse effects, such as temperature changes and minimum flow and
storage requirements. However, because the preliminary proposal is not expected to require
substantial changes in upstream CVP and SWP operations, the CALSIM results indicate considerable
monthly changes are not expected to occur in reality. Rather, DWR and U.S. Department of the
Interior, Bureau of Reclamation (Reclamation) reservoir operators would continue to operate the
reservoirs and associated flows on a daily basis in a manner that meets flow, storage, and
temperature requirements.

C.7.1.2 Delta Flows

The primary changes in Delta operations result from the north Delta intakes and the increased flows
into the Yolo Bypass at the Fremont Weir. These changes generally divert water from the
Sacramento River into either the new intake or the Yolo Bypass, reducing flows in Sutter, Steamboat,
Threemile, and Georgiana Sloughs; in the DCC; and at Rio Vista. Reductions in.south Delta pumping
that are possible with the north Delta intakes increase OMR flows and 'SanJoaquin River flows at
Antioch by the amount of the reduced pumping. While climate change may affect flows in the San
Joaquin, Mokelumne, and Cosumnes Rivers, no.effects of the preliminary proposal are expected in
the Delta channels connected to these river.inflows. A summary of changes at each Delta location is
provided below. However, these changes reflect the general trends and not necessarily the outer
bounds of potential changes that could occur across water-year types and months within those
water years. The effects analysis used detailed modeling results to determine the biological
responses to specific daily, monthly, and water year-type changes. Theseare reported in the Results
section above.

C.7.1.2.1 Sacramento River Flows at Freeport

The Sacrameénto River flow at Freeport provides the largest Delta inflow and represents the water
available for diversion at the proposed north Delta intakes. The average annual inflow at Freeport
was reduced by about 650 taf (up to 4%), primarily as a result of the increased Fremont Weir spills
into the Yolo Bypass that would occur under the preliminary proposal. Similarly, PP_ELT and
PP_LLT monthly median flows at Freeport were similar to EBC1 but were shifted in some months as
a result of the increased spills at the Fremont Weirand other changes in upstream reservoir
releases, as discussed above.

The Freeport median flows were similar in October, November, and December for the EBC1 and PP
cases. The Freeport median flows in'January, February, and March for the PP cases were about
3,000 cfs less than EBC1 flows, reflecting the increased spills at the Fremont Weir into the Yolo
Bypass. The April and May median flows at Freeport were similar for the PP cases and EBC1
conditions. The June median flows were increased for the PP cases. The Freeport median flows for
the PP cases in July, August, and September were reduced by about 3,000 cfs compared to EBC1
flows because of changes in upstream reservoir releases. The preliminary proposal north Delta
intakes allowed higher exports in April, May, and June and subsequently allowed reduced reservoir
releases and reduced exports. The PP cases had inflows and exports that were distributed more
evenly during the highest agricultural demand period of April through September.

Bay Delta Conservation Plan December 2011

C.7-2

Working Draft ' ICF 00610.10



Note to Reader: This is a revised working draft prepared by the BDCP consultants. This document is currently undergoing review by the Department of Water Resources with input from the Department of
Fish and Game, U.S. Fish and Wildlife Service, National Marine Fisheries Service, and U.S. Bureau of Reclamation and does not necessarily reflect the position of the state or federal agencies. It is expected
to go through several more revisions prior to being released for formal public review and comment in 2012. All members of the public will have an opportunity to provide comments on the public draft of a
revised version of this document during the formal public review and comment period. Responses will be prepared only on comments submitted in the formal public review and comment period.

BSw N =

O o Ul

10
11

12

13
14
15
16
17

18

19
20
21
22
23
24

25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Effects Analysis Conclusions

C.7.1.2.2 San Joaquin River Flows at Vernalis

The only changes in the San Joaquin River flows are caused by the assumed climate change effects
on reduced San Joaquin River (above Friant Dam) inflows and reduced tributary inflows. No changes
from preliminary proposal operations were simulated.

C.7.1.23 Yolo Bypass Flows to the Delta

The Yolo Bypass flow is nearly identical to the Fremont Weir spills, with the addition of the Cache
Creek and Putah Creek flows entering the bypass in months with relatively high runoff. Although the
preliminary proposal ELT and LLT cases allow some additional flows.into the Yolo Bypass at the
Fremont Weir, the monthly sequence of Yolo Bypass flows was very similar. A few more months
have flows of 3,000-5,000 cfs (notch capacity), and the high-flow months have slightly more flow
(5,000 cfs).

C.7.1.24 Mokelumne River and Cosumnes River Flows to the Delta

The monthly inflows from the Mokelumne River near Thornton, just below the Cosumnes River, are
very low during the summer months. These flows were nearly identical for all CALSIM cases. Most
Cosumnes River runoff enters the Delta, and the Mokelumne River is highly regulated by Pardee and
Camanche Reservoirs. The minimum flows below Woodbridge Dam are specified based on runoff,
and reservoir spills are rare. There were no effects of the preliminary proposal on these river flows.

C.7.1.25 San Joaquin River Diversions to Old River

The preliminary proposal would not result in changes in the San JoaquinRiver flows at Old River,
but some changes are expected as a result of climate change. The median head of Old River flow for
December through May was about half of the San Joaquin River flow at Vernalis. The median flows in
June through September were about 40% of the San Joaquin River flow at Vernalis because of the
effects of the south Delta rock-barriers. The annual average head of Old River diversion flow was
nearly the same for all six CALSIM cases and was equal to about half of the San Joaquin River flow.

C.7.1.2.6 Old and Middle River Flows

The CALSIM modeling assumed that some OMR reverse flow restrictions would apply for each of the
applicable months (December through June). The restrictions were assumed to vary somewhat with
runoff conditions. The assumed restrictions were held constant for each of the EBC1 cases, the three
EBC2 cases, and the two preliminary proposal cases. Because negative OMR flow is toward the south
Delta pumps, the greatest negative values indicate higher pumping. The minimum values indicate
the maximum pumping from the central Delta. For example, the October and November minimum
flows for EBC1 were -10,000 cfs. The October and November median flows were -8,000 cfs.
However, there are no OMR flow restrictions in October and November. The EBC1 December
minimum flow was -9,600 cfs, but the median flow was -5,871 cfs (the assumed OMR limit in 30% of
the years). This suggests that the OMR limits were reducing the December exports to this level in
several of the years. The January through March and June minimum flows were -5,000 cfs because
the assumed OMR limits were restricting pumping to this level in many of the years in these months.
The minimum flows in April and May were higher than the limit of -5,000 cfs because the NMFS
exports/San Joaquin River ratio that applies in April and May was reducing the exports more than
the OMR limits. EBC1 flows in July through September were -11,000 to -10,000 cfs, and median
flows were -10,000 to -9,000 cfs.
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Effects Analysis Conclusions

The preliminary proposal ELT and LLT cases shifted pumping from the south Delta to the north
Delta intakes and thereby increased the OMR flows (reduced negative OMR flows). The median OMR
flows for the preliminary proposal ELT and LLT cases were about 2,000 cfs higher in October and
November; about the same in December; 2,000 cfs higher in January; 5,000 cfs higher in February;
3,500 cfs higher in March; 1,500 cfs higher in June; 6,000 cfs higher in July; 6,500 cfs in August; and
4,500 cfs higher in September.

C.7.1.2.7 Sutter Slough and Steamboat Slough Flows

Sutter and Steamboat Sloughs divert about 40% of the Sacramento River flow. The monthly median
diversion flows into Sutter and Steamboat Sloughs were similar for the EBC1 case and the three
EBC2 cases because the Sacramento River flows were similar. The median diversions into Sutter and
Steamboat Sloughs were lower for the PP_ELT and PP_LLT cases because the north Delta intakes
reduce the Sacramento River flow at Sutter and Steamboat Sloughs: The median diversions in
October, April, May, and June were about the same for the baseline and the preliminary proposal
cases. The median diversions were reduced by 1,000 cfs in November, July,and September; 2,000 cfs
in January and August; and 4,000 cfs in February and March. The reductions in the Sutter and
Steamboat Slough diversions were about 40% of the simulated north Delta intake diversions. The
annual average diversions into Sutter and Steamboat Sloughs were about 6,500 taf (42% of the
Sacramento River flow at Freeport) for the EBC1 case and three EBC2 cases, and were reduced to
about 5,500 taf (36% of the Sacramento River flow at Freeport) for the two preliminary proposal
cases.

C.7.1.2.8 Delta Cross Channel and Georgiana Slough Flows

Similar to Steamboat and-Sutter Sloughs, the PP_ELT and PP_LLT cases for DCC and Georgiana
Slough had reduced monthly median diversion flows because the north Delta intakes reduced the
Sacramento-River flow. The annual average diversions into the DCC and Georgiana Slough were
about 3,750 taf (24% of the Sacramento River flow at Freeport) for.the EBC1 case and three EBC2
cases, and were reduced to about 3,150 taf (21% of the Sacramento River flow at Freeport) for the
two preliminary proposal cases.

C.7.1.2.9 Sacramento River Flows at Rio Vista

The minimum flows in September through December for Rio Vista (3,000-4,500 cfs, depending on
water-year type) were generally satisfied. The EBC1 monthly median flows were about 5,500 cfs in
October; 7,500 cfs in November; 12,500 cfs in December; 22,000 cfs in January; 29,000 cfs in
February; 23,000 cfs in March; 13,000 cfsiin April; 10,000 cfs in May; 6,500 cfs in June; 10,500 cfs in
July; 8,500 cfs in August; and 6,500 cfs in September. The median flows at Rio Vista for the three
EBC2 cases were similar because the Yolo Bypass and Sacramento River inflows were generally the
same. The median monthly Rio Vista flows were reduced in the months when the north Delta intake
diversions were simulated for the PP_ELT and PP_LLT cases. The reduced Rio Vista flows were
generally about the same as the north Delta intake diversions. The annual average Sacramento River
flows at Rio Vista were about 14,000 taf for the EBC1 case and three EBC2 cases, and were reduced
to about 12,000 taf for the PP_ELT and PP_LLT cases.
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Effects Analysis Conclusions

C.7.1.2.10 Threemile Slough Flows

The Threemile Slough flows are about 3% of the Rio Vista flows and were reduced slightly for the
preliminary proposal cases because the Rio Vista flows were reduced by the north Delta intake
diversions. The annual average Threemile Slough flows were about 1,000 taf for the EBC1 case and
the three EBC2 cases, and were reduced to about 750 taf for the two preliminary proposal cases.

C.7.1.2.11 San Joaquin River Flows at Antioch

San Joaquin River flows at Antioch were increased in the PP_ELT and PP_LLT cases because the
reduction in south Delta exports will increase OMR and San Joaquin River flows by the same
amount. For the preliminary proposal cases, the monthly median flows were about 0 cfs in October
and November, and were reversed to -2,000 cfs only in December. The San Joaquin River flows were
about 1,500 cfs in January; 8,500 cfs in February; 6,500 cfs in March;.3,000-¢fsin April; 2,500 cfs in
May and June; 1,000 cfs in July; 500 cfs in August; and 150 cfs in September. The summer periods of
reverse San Joaquin River flow were generally eliminated by the preliminary proposal north Delta
intake diversions.

C.7.1.2.12 Delta Outflow

The CALSIM-simulated Delta outflow is the sum of all the upstream and Delta operations, and it is
the major link with salinity in the Delta.and with the X2 position. Delta outflow requirements often
limit the Delta exports, so the simulated Delta outflow for many months is equal to the minimum
Delta outflow requirement for each month. The EBC1 case did not include the BiOp Fall X2
requirements, so the required Delta outflow was controlled by the D-1641 objectives. The annual
average outflow required for EBC1 (D-1641) was 4,250 taf. The three EBC2 cases included the BiOp
Fall X2 requirements, and the average annual required outflow was about 5,000 taf for EBC2, about
5,250 taf for EBC2_ELT, and about 5,750 taf for EBC2_LLT. The BiOp Fall X2 requirements (intended
for wet and above normal years) raised the annual average required outflow for EBC1 by about

750 taf. The EBC2_ELT and EBC2_LLT cases had even higher required outflows caused by changes in
the outflow required to meet X2 because of sea level rise and habitat restoration effects on salinity
intrusion.

The monthly median outflows simulated by CALSIM for each modeling scenario are shown in Table
C.7-1. About half of the months had excess Delta outflow compared to the outflow requirements, but
the outflow in most of these monthsdikely was controlled by the maximum allowed export/inflow
(E/I) ratio.
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Effects Analysis Conclusions

1  Table C.7-1. Average Annual and Monthly Mean Outflows for Each of the Six CALSIM Scenarios

EBC1 EBC2 EBC2_ELT EBC2_LLT PP_ELT PP_LLT
Average Annual 15,533 15,743 16,157 16,282 14,875 15,210
Outflow (taf)
Monthly Median Outflow (cfs)
January 22,361 21,730 21,342 21,903 21,277 22,074
February 36,554 35,578 35,846 37,339 36,181 35,855
March 26,890 26,801 25,701 25,784 24,828 24,486
April 18,921 18,804 18,708 18,283 12,470 13,037
May 15,899 15,655 13,911 12,806 11,352 11,400
June 7,243 7,249 7,243 8,336 8,086 9,290
July 8,000 8,000 8,000 8,520 8,000 8,000
August 4,000 4,000 4,000 4,112 4,000 4,000
September 3,610 3,621 3,659 3,430 3,000 3,000
October 4,000 4,403 5,425 7,813 4,000 9,234
November 5,088 10,313 9,844 10,415 4,500 4,500
December 8,086 7,696 8,666 9,156 8,867 9,219
taf = thousand acre-feet.
2
3 The monthly median outflows for the PP_ELT and PP_LLT cases were similar (within 1,000 cfs) to
4 the EBC1 median outflows in October through February; 2,000 cfs less in.March; 6,000 cfs less in
5 April; 4,000 cfs less in May; and similar in June through September: The annual average Delta
6 outflow for the EBC1 case was 15,500 taf. The annual average outflows were 14,875 taf for the
7 PP_ELT case and 15,200 taf for.the PP_LLT case.
g8 C7.13 Salinity
9 Salinity is included in this appendix to assess the potential for changes to habitat as a result of
10 changes in flows that may cause changes in salinity. (Salinity as a drinking water quality parameter
11 is addressed in the BDCP EIR/EIS.) The preliminary proposal allows more salt into the western
12 Delta because of increased tidal mixing associated with the addition of tidal marsh areas and
13 reduced Delta outflow. Substantial increases in salinity at Emmaton and moderate increases at
14 Jersey Point and Rock Slough caused by the preliminary proposal are generally attributable to the
15 reduction in Sacramento River flows in these areas. However, slight reductions in average annual
16 salinity at Threemile Slough are expected as a result of major salinity decreases in July and August
17 caused by higher outflows. As the preliminary proposal is implemented and more tidal marsh is
18 restored, salinity effects at these locations intensify. At Emmaton under PP_LLT, the largest
19 increases in salinity occur from May to September, while there are minimal changes in salinity from
20 October through April. Jersey Point and Rock Slough are also expected to have additional increases
21 in salinity in the LLT as a result of restoration activities. The annual average salinity at Threemile
22 Slough is further reduced in the LLT because of substantial salinity reductions in October and
23 November resulting from higher Sacramento River flow.
24 Salinity can be controlled somewhat by Delta outflow. Higher Delta outflow moves the salinity
25 gradient west and lowers the X2 (decreases the distance from the Golden Gate). Under the PP
26 scenarios, X2 moves upstream (lower outflow) in some months, with the reduced inflows or higher
27 exports that are allowed with the north Delta intake. However, the PP scenarios will meet the
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Effects Analysis Conclusions
required D-1641 X2 locations from February through June and the minimum Delta outflows, as
described above and shown in Table C.7-2.

Table C.7-2. Summary of the Location (km from the Golden Gate Bridge) of X2 under each
CALSIM Scenario

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
A. EBC1
Min 67.1 51.7 47.3 47.2 47.2 47.2 47.3 48.5 49.1 56.2 66.0 63.5
Max 94.7 93.9 92.2 89.7 86.9 83.3 83.2 87.4 90.5 91.2 91.5 92.6
Avg 88.5 86.3 77.9 67.6 60.7 60.7 63.4 67.5 74.6 80.4 85.2 86.4
B. PP_ELT
Min 72.8 52.2 47.7 47.6 47.6 47.7 47.7 49.3 51.0 62.3 74.7 71.4
Max 93.1 92.6 92.4 90.1 86.8 82.3 83.2 87.1 90.2 90.5 92.1 93.5
Avg 89.0 86.8 78.3 68.3 62.1 62.4 66.7 71.8 77.0 81.6 86.5 88.5
C. PP_LLT
Min 73.8 54.6 48.8 48.7 48.7 48.7 49.0 51.6 54.8 69.9 83.4 79.3
Max 92.4 94.3 91.6 90.1 85.7 83.5 84.5 89.1 92.1 91.6 91.9 92.7
Avg 85.7 85.1 79.7 68.9 63.2 63.8 68.0 73.7 78.9 83.2 87.5 89.2
D. EBC2
Min 67.3 51.7 47.3 47.2 47.2 47.2 47.3 48.5 49.3 57.1 67.3 65.8
Max 94.6 93.4 92.2 87.2 83.2 82.3 82.5 87.2 90.2 90.9 90.8 92.4
Avg 84.1 82.3 76.3 67.4 60.8 61.0 63.6 67.8 74.7 80.4 85.2 82.5
E. EBC2_ELT
Min 69.5 52.4 47.8 47.6 47.6 47.7 47.9 49.8 51.5 62.1 73.6 70.9
Max 93.9 94.4 93.6 90.4 87.0 82.7 83.1 87.6 90.2 90.8 90.9 92.6
Avg 84.1 82.3 76.6 67.9 61.7 61.9 64.6 68.9 75.9 80.3 85.1 82.7
F. EBC2_LLT
Min 72.2 55.4 50.0 49.6 49.6 49.5 50.0 53.1 55.7 71.4 81.2 73.9
Max 94.6 94.7 94.0 90.4 87.3 83.8 84.6 88.7 90.9 90.9 92.1 94.3
Avg 83.7 82.7 78.2 69.4 63.5 63.7 66.5 71.4 77.6 80.8 85.8 83.4

The three EBC2 cases, which included BiOp Fall X2 requirements in September through November
of about half of the years (wet and above normal), had corresponding reduced X2 values in the 50-
90% cumulative values. The changes in the monthly X2 ranges or in the monthly median values
were relatively small because the monthly range in outflows remained similar for each of the EBC1
and EBC2 baseline cases. The preliminary proposal cases allowed some of the X2 positions to move
upstream (lower outflow), with the higher exports that were allowed in some months with the north
Delta intake. The required D-1641 X2 locations from February through June and the minimum Delta
outflows were satisfied by the preliminary proposal cases, although CALSIM results reported above
may be based on relaxations of the requirements in certain months.

C.7.1.4 Turbidity

Firm conclusions regarding changes in turbidity in the Plan Area are difficult to make. Uncertainty in
sediment supply in the future is high because of factors such as the maturation schedule of habitat
restoration within ROAs. In addition, the potential use of fill-in materials or wind breaks in the ROAs
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Effects Analysis Conclusions

to reduce wind-driven sediment resuspension also could greatly affect turbidity. These and other
factors limit the feasible scope of the analysis.

The analysis focused on whether the different subregions would become erosional, which would
increase turbidity, or depositional, which would decrease turbidity. The analysis also evaluated
whether seasonal wind resuspension within ROAs is likely to be greater with the preliminary
proposal, thereby increasing turbidity. Factors such as submerged aquatic vegetation (SAV), benthic
filter feeders, organic materials, and the potential substantial effects on the critical shear stress of
erosion from changes in benthic algae and macrofauna have not been considered in the present
analysis of turbidity because of a lack of data, a lack of modeling tools, or both.

The Delta will remain regionally depositional in the LLT time frame, in-both EBC and PP scenarios,
although the location of the depositional regions will differ. The effects of sea level rise will depend
on the balance between sediment supply from the watersheds and the rate of sea level rise, so it is
unclear whether sediment supply will be sufficient to maintain the current extent of tidal marsh. The
initial effect of the ROAs in the PP is to decrease sediment supply downstream, but the longer-term
effects are uncertain as the ROAs reach a dynamic equilibrium.

Under the PP, the North Delta subregion will receive less sediment because of increased flows
through the Yolo Bypass, but this may not be a large enough factor to differentiate these effects from
the overall effects due to sea level rise and climate change alone in the LLT under existing
conditions. The Cache/Yolo Bypass-region ROAs will become depositional with sediment that
otherwise would be carried down the Sacramento River. While the ROAs have the potential to
increase water clarity in existing open water areas such as Liberty Island-at least initially, wind
resuspension of unconsolidated sediment during the summer is likely to decrease water clarity in
the region seasonally. The West Delta ROA will accrete sediment, resulting in a local increase in
water clarity in combination with decreased supply due to sediment deposition in the Cache/Yolo
region. However, decreased sediment supply could result in erosion and a decrease in water clarity,
leaving a mixed outcome for this region. The East Delta subregion:is likely to.experience increased
water clarity due to the ROAs, both because of decreased flow through Georgiana Slough and
because of depaosition in the East Delta ROAs of the small amount of sediment originating from the
Mokelumne and Cosumnes Rivers. The effect of seasonal winds will be minor because the ROAs are
not large in the East Delta. The South Delta ROA consists of large open water areas that (barring
establishment of SAV such as Egeria densa)likely will experience decreased water clarity due to
wind resuspension in the summer. However, deposition in the ROAs also could increase water
clarity, resulting in an overall mixed outcome.

The effect of the Suisun Bay subregion ROAs, both/locally and due to effects from upstream ROAs, is
complicated. Suisun Bay is currently erosional and the opening of ROAs upstream is likely to
increase this erosion. If Suisun Bay continues to deepen and intertidal regions are lost, wind waves
will become less effective at suspending sediment, so erosion rates may slow even in the presence of
reduced sediment supply. The new ROAs may exert a local decrease in water clarity from seasonal
resuspension due to wind. However, predicting the balance between the depositional environment
in the ROAs and increased regional erosion is very complicated, so the overall result for water
clarity is uncertain. The ROAs in Suisun Marsh likely will be depositional because of local sediment
supply, resulting in local increases in water clarity. The effects of wind resuspension in decreasing
water clarity likely will be limited to the larger ROAs in this region, depending on wind direction.
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Effects Analysis Conclusions

1 The effects of turbidity on fish are not directly linked to survival and are only one component of

2 habitat that may be required for species success. As such, similar to the salinity changes described

3 above, the effects of turbidity on fish and fish habitat will be explored further in Appendices E (Fish

4 Population Analyses) and F (Habitat Restoration) to better integrate the multiple factors composing

5 fish habitat and the potential effects of the preliminary proposal.

6 C.7.1.5 Temperature and Dissolved Oxygen

7 Some temperature changes are expected to occur in some years in some upstream rivers. However,

8 these changes rarely translate to adverse effects on species, as described below. In-Delta water

9 temperature and DO concentrations are not expected to change in response to the preliminary
10 proposal. Water temperatures and DO in the Delta are affected primarily by atmospheric conditions
11 (air temperature, winds, solar radiation, and climate change). Water temperatures are typically in
12 thermal equilibrium with the atmospheric conditions and therefore are not influenced strongly by
13 changes in river flows affected by proposed project operations. Similarly, DO concentrations in the
14 river channels and bays are typically in equilibrium with atmospheric conditions, and proposed
15 project operations are not anticipated to result in biologically significant changes within the Delta.
16 As aresult of these factors, it was concluded that proposed project operations would not result in
17 adverse changes in either water temperatures or DO concentrations n the Delta that would affect the
18 target species. Changes in long-term seasonal water temperatures are anticipated to occur within
19 the Delta, however, in response to future climate changes that are independent of proposed project
20 operations, but that also are expected to result in changes in habitat conditions that could
21 potentially adversely affect the population dynamics of the covered species intthe future (LLT
22 climate changes).

23 C.7.2 Flow-Related Biological Effects

24 The following information is summarized in Table C.1-3, Table C.1-4, and Table C.1-5 above, and
25 describes in detail the conclusions for each species for flow-related parameters in upstream and
26 Delta-areas, and for passage, migration, and movement.
27 C.7.2.1 Upstream Spawning and Egg Incubation
28 Conclusion 1. Except for Sacramento River spring-run Chinook salmon and Feather River green
29 sturgeon egg incubation, the preliminary proposal would not result in adverse effects on
30 upstream spawning.
31 Overall, there would be minimal changes to upstream flows and as such, very few effects on
32 spawning and egg incubation. Most of the differences and associated effects on spawning and egg
33 incubation habitat observed among the modeled scenarios were attributable to near-term and long-
34 term climate change effects. In many instances, increased steelhead, winter-run, Pacific lamprey, and
35 river lamprey egg mortality under future conditions is primarily a result of natural seasonal and
36 interannual variation in river flows, coldwater storage, and temperature effects on incubating eggs
37 that were largely independent of preliminary proposal operations. Decreased temperatures during
38 egg incubation periods for spring-run Chinook salmon on the Sacramento River and green sturgeon
39 on the Feather River would result in adverse effects on these species.
40 Steelhead. No adverse effects were detected on steelhead spawning and egg incubation habitat
41 conditions based on CALSIM, SacEFT, and water temperature modeling results. The predicted
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Effects Analysis Conclusions
1 magnitude and frequency of instream flows, reservoir storage, and water temperatures potentially
2 affecting the quantity and quality of spawning and incubation habitat under proposed project and
3 future baseline conditions were comparable. Based on the results, preliminary proposal operations
4 likely would have small annual effects on flows and water temperatures during the steelhead
5 spawning and incubation period, but would not affect long-term habitat conditions relative to future
6 baseline conditions.
7 Winter-run Chinook salmon. No major or consistent adverse effects were detected on upstream
8 spawning and egg incubation habitat conditions (e.g. reservoir storage, instream flows, water
9 temperatures during egg incubation) for Sacramento River winter-run Chinook salmon based on
10 results from the Reclamation egg mortality model, SacEFT, SALMOD;and other tools. Positive and
11 negative changes in instream flows that affect habitat quality and quantity, such as reduced summer
12 and fall flows relative to existing conditions, were detected in the Sacramento River. Differences in
13 flow in the Sacramento River in September of wetter years between existing and preliminary
14 proposal operations reflect, in large part, differences in fall operations for downstream low-salinity
15 habitat that was included as an operating criterion under the EBC2 conditions but was not included
16 in preliminary proposal operations.
17 Spring-run Chinook salmon. No major or consistent adverse effects were detected on upstream
18 spawning and egg incubation habitat conditions (e.g., reservoir storage, instream flows, water
19 temperatures during egg incubation)in the Feather River, Trinity River, San Joaquin River, or Clear
20 Creek for spring-run Chinook salmon based on results from the Reclamation egg mortality model,
21 SALMOD, CALSIM outputs, and other tools. Most spring-run Chinook salmon spawn in tributaries
22 such as the Feather River and.Mill, Deer, Butte; and Clear Creeks, in which spring-run egg mortality
23 would not be affected by preliminary proposal operations.
24 In the Sacramento River, the egg mortality model indicated that there is a 5-10% increase in egg
25 mortality of spring-run Chinook salmon under preliminary proposal operations relative to existing
26 biological conditions in wet, above normal, and below normal water years. This increase was a
27 result of increased water temperatures during fall months, particularly September. Refinements in
28 reservoir operations and coldwater pool management, including real-time management, which
29 CALSIM cannot model, may reduce this effect, but this has not/been evaluated using the hydrologic
30 and water temperature simulation models. However, results of the SacEFT and SALMOD models,
31 which account for flow, temperature, and-other variables in the upper Sacramento River, predict
32 that spawning habitat conditions willnot be different (SALMOD) or will be improved (SacEFT)
33 under the proposed project compared to existing biological conditions, which is in contrast to the
34 egg mortality model results described above.
35 Fall-run Chinook salmon. No major adverse effects were detected on upstream spawning or egg
36 incubation habitat conditions (e.g.,, reservoir storage, instream flows, water temperatures during egg
37 incubation) for fall-run Chinook salmon in the Sacramento River based on results of model analyses
38 using the Reclamation egg mortality model, SacEFT, SALMOD, and other tools. Small positive and
39 negative changes were detected in the Sacramento River, such as reduced summer and fall flows
40 relative to existing conditions. No substantive changes in reservoir storage or river flows affecting
41 fall-run Chinook salmon habitat conditions were detected in the Feather, American, San Joaquin,
42 Stanislaus, or Trinity Rivers or Clear Creek. Preliminary proposal operations have no effect on flows
43 or water temperatures in other tributaries, including the Mokelumne, Cosumnes, Merced, and
44 Tuolumne Rivers, or habitats in areas such as Mill, Deer, Butte, and Battle Creeks.
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Effects Analysis Conclusions

Late fall-run Chinook salmon. No major adverse effects were detected on late fall-run Chinook
spawning and egg incubation habitat conditions in the Sacramento River based on CALSIM, SacEFT,
SALMOD, and other modeling tools. Although most changes in spawning habitat were attributable to
climate change, the SacEFT model indicated that preliminary proposal operations would result in a
small incremental reduction (5%) in the number of years with “good” spawning habitat conditions
for late fall-run Chinook salmon.

White and green sturgeon. Spawning white sturgeon and their eggs would experience similar flow
and water temperature conditions under preliminary proposal operations relative to existing
biological conditions. There are small beneficial and adverse effects on spawning and egg incubation
habitat conditions, but no major or consistent adverse effects were detected in the Sacramento,
Feather, or Stanislaus Rivers. The greatest changes in upstream habitat conditions resulted from
natural variation in interannual hydrology (e.g., between wet and dry years) and future climate
change. These major habitat effects were largely independent of differences between existing
conditions and preliminary proposal operations. Likewise, no.major or consistent adverse effects
were detected on upstream spawning and egg incubation habitat.conditions (e.g., instream flows
and water temperatures during egg incubation) in the Sacramento River for green sturgeon based
on results from the Reclamation egg mortality model, SacEFT, CALSIM outputs, and other tools. In
the Feather River, however, there is a reduction in flows during July and August of 29% on average,
but this effect does not translate into a consistent adverse effect on green sturgeon based on water
temperature exposure. There were no meaningful differences between existing biological conditions
and preliminary proposal operations in exceedance of water temperature tolerances of 63°F and
68°F. The only effect is an increase of exposure to the upper threshold of green sturgeon tolerance of
73°F in up to 8% more months under preliminary proposal operations compared to existing
biological conditions.

Pacific and river lamprey. No major or consistent adverse effects were detected on upstream
spawning and egg incubation habitat conditions (e.g., reservoir storage, instream flows, water
temperatures during egg incubation) for Pacific lamprey andriver lamprey based on results from
the Reclamation egg mortality model, CALSIM, and other tools.

C.7.2.2 Holding Flows

Holding flows were evaluated for spring- and winter-run Chinook salmon adults. As described
below, no adverse effects of the preliminary proposal are expected.

Conclusion 2. The preliminary proposal would have no effects on spring- or winter-run Chinook
salmon adult holding flows.

No major or consistent adverse effects were detected on upstream adult holding habitat conditions
(e.g., instream flows) in the Sacramento River for spring- and winter-run Chinook salmon or in the
Feather and Trinity Rivers or Clear Creek for spring-run Chinook salmon based on results from
CALSIM. The greatest changes in upstream habitat conditions resulted from natural variation in
interannual hydrology (e.g., between wet and dry years) and future climate change. Increased
adverse conditions reflect natural seasonal and interannual variation in river flows, coldwater
storage, and temperature effects on holding adults that were largely independent of preliminary
proposal operations.
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Effects Analysis Conclusions
1 C.7.23 Upstream Rearing Habitat
2 Upstream rearing habitat for covered species would not change substantially, although some
3 increase in Feather River temperature may adversely affect green sturgeon and river lamprey, and a
4 decrease in late fall-run Chinook salmon rearing habitat also may occur. For spring-run Chinook
5 salmon, fall-run Chinook, green sturgeon, white sturgeon, Pacific lamprey, and river lamprey, the
6 greatest changes in upstream habitat conditions resulted from natural variation in interannual
7 hydrology (e.g., between wet and dry years) and future climate change. Increased adverse
8 conditions reflects natural seasonal and interannual variation in river flows, coldwater storage, and
9 temperature effects on rearing habitat that were largely independent of preliminary proposal
10 operations.
11 Conclusion 3. Upstream rearing habitat for covered species would not change substantially;
12 however, some adverse effects on late fall-run Sacramento River rearing habitat and on green
13 sturgeon and river lamprey rearing habitat as a result of increases in Feather River temperature,
14 and some benefits to winter-run rearing habitat, are expected.
15 Steelhead. No major adverse effects were detected on steelhead fry/juvenile rearing habitat
16 conditions based on CALSIM, SacEFT, and water temperature modeling results. The predicted
17 magnitude and frequency of instream flows; reservoir storage, and water temperatures potentially
18 affecting the quantity and quality of rearing habitat under proposed project and future baseline
19 conditions were comparable. Most of the differences and associated effects on steelhead rearing
20 habitat observed among the modeled scenarios were attributable to near- and long-term climate
21 change effects. Based on the results, preliminary proposal operations likely would have small annual
22 effects on flows and water temperatures affecting steelhead rearing habitat, but would not affect
23 long-term habitat conditions relative to future baseline conditions. In the Sacramento.River between
24 the RBDD and Keswick, the SacEFT model indicated that preliminary proposal operations would
25 result in a small incremental increase (5%) in the number of years with “good” rearing habitat
26 conditions for steelhead.
27 Winter-run Chinook salmeon. The SacEFT model predicted thatwinter-run Chinook salmon
28 fry/juvenile rearing habitat in the Sacramento River would be classified as good in 23-26% more
29 yearsunder preliminary proposal operations relative to existing conditions.
30 Spring-run Chinook salmon. No major.or consistent adverse effects were detected on upstream
31 fry/juvenile rearing habitat conditions (e.g., instream flows; water temperature, stranding) in the
32 Feather River, Trinity River, San Joaquin River, or Clear Creek for spring-run Chinook salmon based
33 on results from CALSIM and the Reclamation water temperature model.
34 Fall-run Chinook salmon. No major or consistent adverse effects were detected on upstream
35 fry/juvenile rearing habitat conditions (e.g., instream flows, water temperature, stranding) in
36 upstream waterways for fall-run Chinook salmon based on results from CALSIM and the
37 Reclamation water temperature model.
38 Late fall-run Chinook salmon. No adverse effects were detected on late fall-run Chinook
39 fry/juvenile rearing habitat conditions in the Sacramento River based on CALSIM, SALMOD, and
40 water temperature modeling. The predicted magnitude and frequency of instream flows, reservoir
41 storage, and water temperatures potentially affecting the quantity and quality of rearing habitat in
42 the Sacramento River under proposed project and future baseline conditions were comparable.
43 Most of the differences and associated effects on late fall-run Chinook salmon rearing habitat
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Effects Analysis Conclusions

observed among the modeled scenarios were attributable to near- and long-term climate change
effects. Despite these results, the SacEFT model indicated that preliminary proposal operations
would result in an incremental reduction of 14-28% in the number of years with “good” rearing
habitat conditions for late fall-run Chinook salmon. However, based on the weight of evidence
(SALMOD results, flow, and temperature exceedance analyses), there should be no detectable
change in rearing habitat conditions for late fall-run Chinook salmon in the upper Sacramento
River.

Green and white sturgeon. No major or consistent adverse effects were detected on upstream
larvae/juvenile rearing habitat conditions (e.g., instream flows, water temperature, and stranding)
in the Sacramento River or upstream waterways for green or white sturgeon based on results from
CALSIM and the Reclamation water temperature model. Additionally, larval and juvenile white
sturgeon would experience similar or slightly improved flow and water temperature conditions.
Green sturgeon larvae will experience reduced flows in the FeatherRiverfrom July through
September, when flows are reduced by 42% on averagein wet, above normal, below normal, and
dry water years. However, reduced flows are not expected to translate into-water temperature
effects in a major or consistent way, exceptduring the LLT implementation period, during which
exposure to the upper 73°F water temperaturethreshold will occur 5-14% more often under
preliminary proposal operations than under existing biological conditions.

Pacific and river lamprey. No major or consistent adverse effects were detected on upstream
ammocoete rearing habitat conditions (e.g., instream flows, water temperature, stranding) in
upstream waterways for Pacific lamprey orin the Sacramento, Trinity, American, and Stanislaus
Rivers for river lamprey based on results from,CALSIM and the Reclamation water temperature
model. In the Feather River below Thermalito Afterbay, there is a'small to moderate increase in
exposure to elevated water temperatures, although this effect is not observed farther upstream at
the Fish Barrier Dam: This increase in exposure to elevated water temperatures is expected to result
in a small to'moderate increase in mortality of ammocoetes in the region below the Thermalito
Bypass.

C.7.24 Passage, Migration, and Movement

Passage, migration, and movement were evaluated for upstream and Delta areas for all species.
Overall, the results indicate that there will be some improved and some reduced passage as a result
of the preliminary proposal.

Conclusion 4. Overall, flows in upstream areas during migration and transport periods for
anadromous fish are not substantially changed under the preliminary proposal, with some
exceptions.

The great majority of modeled river flow estimates upstream of the Plan Area suggested that, once
effects associated with climate change were factored out, average differences in flow between PP
and EBC during covered fish species migration and transport periods would be minor (Table C.1-3).
The general pattern was for little change, with minor increases or decreases depending on water-
year type. There were essentially no changes in migration flows in Clear Creek, the Stanislaus River,
and the San Joaquin River at Vernalis. Analyses were based on the assumption that migration and
transport are enhanced with increased flows, although there were few specific thresholds or ranges
that could be applied. Summaries of the main patterns are provided below.
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Effects Analysis Conclusions

Steelhead. The Feather River was the only location where migration flows during periods of
steelhead occurrence exhibited a number of differences between preliminary proposal and existing
conditions: migration flows for juveniles and kelts were somewhat (generally 10% or more) greater
under the preliminary proposal in most water-year types, but for adults, preliminary proposal flows
were greater (10-20% more) only in dry and critical years.

Winter-run Chinook salmon. The analysis suggested little difference between existing conditions
and preliminary proposal average flows during the juvenile downstream migration period in the
upper Sacramento River (River Mile [RM] 194 to Keswick).

Spring-run Chinook salmon. As with steelhead, the Feather River was the only location with
appreciable differences in migration flows between preliminary proposal and existing conditions,
with the former averaging 5-30% greater than the latter in most waten-year types.

Fall-run/late fall-run Chinook salmon. Migration flows for fall-run Chinook salmon were
generally little different between preliminary proposal and existing conditions at most locations,
except the Sacramento River (RM 194 to Keswick), American River, and Feather River. In the upper
Sacramento River, adult migration flows were around 10-20% less under the preliminary proposal
in wet and above normal water years, and either similar or.up to 20% greater under the preliminary
proposal in the remaining water-year typessIn the American River, appreciably less average adult
migration flow (7-26%) occurred under preliminary proposal conditions than under existing
conditions in wet and above normal years, whereas in critical years preliminary proposal flows
were 13-39% greater. Juvenile migration flows in the Feather River averaged around 10-20%
greater than existing biological conditions for above normal, below normal, and dry years and were
similar in other years. Adult migration flows were 12-32% less on‘'average under the preliminary
proposal in wet, above normal, and below normal years, in contrast.to a:similar percentage greater
under the preliminary proposal in critical years. For late fall-run Chinook salmon adults, there was
little difference in migration flows between the preliminary proposal and existing conditions in the
Sacramento River (RM.194 to Keswick).

White sturgeon. Analyses for white sturgeon focused on the Sacramento River (North Delta to RM
143 subregion—i.e., Wilkins Slough and Verona CALSIM.nodes). For juveniles, average migration
flows at Verona were more than 5% lower under the preliminary proposal scenarios in all water-
year types, ranging from around 6-11% in critical years to 20% in wet years. Larval transport flows
were represented by the average number of months per year that exceeded thresholds of 17,700 cfs
(Wilkins Slough) and 31,000 cfs (Verona) and were variable in terms of estimated effects. The
results ranged from little change or somewhat more frequent exceedances of flow thresholds (16%
greater in above normal years) under the preliminary proposal relative to existing conditions at
Wilkins Slough, to reduced flow threshold exceedances at Verona of 9-50%. (The latter value
occurred in dry years, when the average number of months exceeding the threshold was low
regardless of scenario.)

Green sturgeon. Flows for green sturgeon migration were analyzed in the upper Sacramento River
and Feather River and demonstrated contrasting changes for different life stages. Preliminary
proposal flows that were lower than flows under the existing conditions were evident for larvae and
juveniles in both systems and occurred primarily in wet, above normal, and below normal years,
with the preliminary proposal flows in the Feather River falling in the 25-50% reduction category
on average and those in the Sacramento River falling in the 5-25% reduction category. In contrast,
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Effects Analysis Conclusions

adult migration flows were either similar or, in the case of the Feather River, somewhat increased in
above normal, below normal, and dry water years.

Pacific lamprey. Average flows during Pacific lamprey migration periods were quite similar under
the preliminary proposal and existing conditions (or slightly greater, up to 10%, under the
preliminary proposal) on the Sacramento River (RM 194 to Keswick), Feather River, American
River, Stanislaus River, and San Joaquin River at Vernalis.

River lamprey. Average flows during river lamprey migration periods generally were quite similar
under the preliminary proposal and existing conditions for macropthalmia, with differences
occurring for adults that typically indicated lower flows under the preliminary proposal than
existing conditions. For adults, the difference was less than 5% forthe Stanislaus River and San
Joaquin River at Vernalis, whereas flows were 6-13% lower under the preliminary proposal for the
Sacramento River (RM 194 to Keswick), Feather River, and American River:

Conclusion 5. Attraction flows and olfactory cues in the west Delta for upstream anadromous
migrating fish will be altered because of shifts in exports from the south Delta to the north Delta
under the preliminary proposal.

Sacramento River flows downstream of the north Delta intakes will be reduced under preliminary
proposal operations relative to existing conditions, while reduced exports in the south Delta
generally will increase the proportion of water in the west Delta originating from the San Joaquin
River. The change in olfactory cues (percentage of Sacramento River or San Joaquin River water at
Collinsville predicted using DSM2 modeling within the fingerprint analysis) differed by species
(Table C.1-3). Under the preliminary proposal, the average percentage of Sacramento River-origin
water was always lower than for the existing conditions, ranging from 2<4% less for steelhead to 8-
10% less for fall-run Chinook salmon. Under the preliminary proposal, the percentage of San
Joaquin water was generally considerably greater than under existing conditions, atleast in relative
terms; however, the actual percentages involved were low (single digits) because a very low
percentage of San Joaquin River water contributes to the water in the west Delta in any scenario.

Adult attraction/migration flows at Rio Vista under the preliminary proposal were lower than flows
under existing conditions for most water-year types. The relative difference between scenarios
ranged from 5-9% in all except critical water years (little changed) for winter-run and late fall-run
Chinook salmon to more than 20% in somé water-year types for steelhead, spring-run Chinook
salmon,and fall-run Chinook salmon; the latter species hadup to around 50-60% lower average
flows under the preliminary proposal.in wet and above normal years. In dry and critical years,
differences in migration flows between preliminary proposal and existing conditions were often less
than 5%, and in some cases preliminary proposal flows were greater (e.g, fall-run Chinook salmon
in the LLT).

Conclusion 6. The preliminary proposal improvements in fish passage facilities at the Fremont
Weir and within the Yolo Bypass (CM 2) will reduce delay and stranding of upstream migrating
adult anadromous covered fish species.

The suite of actions proposed to improve adult fish passage as part of CM 2 (Yolo Bypass Fisheries
Enhancements) is expected to benefit covered fish species by reducing stranding and delay in the
Yolo Bypass. Limited stranding and rescue data indicate that appreciable percentages (10% or
more) of the green sturgeon spawning population in particular currently may be negatively affected
by the passage impediment caused by the Fremont Weir. The efficacy of the passage improvements
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Effects Analysis Conclusions

at the Fremont Weir and other locations in the Yolo Bypass (e.g., Lisbon Weir) cannot be estimated,
but will be monitored, and adjustments will be made through adaptive management. Resulting,
improvements in migration may vary by year type as a result of differing inundation frequencies and
volumes, but overall CM 2 is expected to have a major positive effect on upstream migrating
anadromous covered fish species, in particular sturgeons and salmonids.

Conclusion 7. Chinook salmon smolt survival during outmigration through the Delta includes
tradeoffs between positive and negative flow changes in the Yolo Bypass and Sacramento River,
with uncertainty to be informed by monitoring and adaptive management.

The results of the DPM showed that through-Delta survival of Chinook salmon smolts was generally
similar or slightly lower under the preliminary proposal than under existing biological conditions.
The difference in survival between preliminary proposal scenarios and existing biological conditions
in the early and late long-term ranged from averages of considerably less than1% of the smolts
entering the Delta (San Joaquin-origin fall-run Chinook) to-1-2% of smolts for fall-, spring-, and
winter-run Chinook from the Sacramento River and fall-run Chinook from the Mokelumne River.
The observed patterns represented tradeoffs between positive and. negative aspects of the
preliminary proposal relative to the existing biological conditions, as assumed in the model. Positive
aspects of the preliminary proposal include the increased diversion of fish into the Yolo Bypass for
smolts migrating down the Sacramento River that encounter the new notch at the Fremont Weir.
The Yolo Bypass migration route is assumed to have survival equal to the maximum survival in the
nearby Sacramento River, as well as offering the advantage of avoidance of diversion through
Georgiana Slough or the DCC into'the low-survival interior Delta. The benefits of increased entry
into the Yolo Bypass were greatest for winter-run Chinook, followed.by spring-run and finally fall-
run, for which there was little benefit because their assumed timing is during a period when Yolo
Bypass inundation is generally too low to promote appreciable diversion. The relatively good
survival assumed through the Yolo Bypass is based on studies conducted on fish smaller than
smolts, and.the assumption will require refinement based on monitoring studies of acoustically
tagged smolts to be conducted in the future. Reductions in south Delta exports also improve survival
of smolts, although as noted in the entrainment appendix (Appendix B), there are situations in drier
water years where exports from the south Delta are increased because of bypass requirements at
the north Delta intakes. Such situations generally arise during the fall-run migration period and
explain the lower survival through the interior Delta of this race.

Negative aspects of the preliminary proposal include an assumed increase in predation of
Sacramento River-origin smolts in‘the vicinity of the north Delta intake structures because of
predators holding station in the area; the current modeling assumed around 1% of each run would
be lost, but again this number is uncertain-and will be refined through targeted studies. The
potential benefits of habitat restoration in the Delta also are not captured by the DPM results, which
focus on flow-related survival and migration routes through the Delta.

Conclusion 8. Increase in Stockton Deep Water Ship Channel DO levels (CM 14) will improve
upstream migration conditions for fall-run Chinook salmon, steelhead, and other species in the
San Joaquin River basin.

Preliminary results from the oxygen diffusion system that forms the basis for CM 14 suggest that it
can raise DO levels to meet total maximum daily load objectives (at least 6 mg/L of DO from
September 1 to November 30, and at least 5 mg/L at all times). The long-term funding for operations
and maintenance of this facility, coupled with improvements that would be implemented based on
adaptive management and monitoring, will ensure that any passage impediments caused by low DO
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Effects Analysis Conclusions

in this area for upstream migrating adult fall-run Chinook salmon and steelhead in the San Joaquin
River basin would be minimized. Improvement of DO in the vicinity of the ship channel also will
benefit any other covered fish species using that area of the Delta.

Conclusion 9. Modification of the Suisun Marsh Salinity Control Gate operation will improve or
maintain passage for adult anadromous fish.

As operations of the SMSCG become less frequent, upstream passage for adult anadromous fish such
as Chinook salmon, steelhead, sturgeons, and lampreys will have less potential for delay and
subsequent effects on reproduction in natal tributaries. Passage will be improved or maintained at
low levels expected from reduced operations under the preliminary proposal.

Conclusion 10. Nonphysical fish barriers (CM 16) have the potential to inhibit juvenile fish from
entering the interior Delta, but further research is necessary to evaluate effectiveness; unintended
passage impedance for adults also requires research.

Juvenile Chinook salmon and steelhead, and juvenile and adult delta smelt, longfin smelt, and
Sacramento splittail are most likely to benefit. from nonphysical barriersat important channel
divergences such as Sacramento River-Georgiana Slough and San Joaquin River-0ld River because
these species have hearing abilities that are likely to respond.to the main barrier stimulus (i.e., the
acoustic signal). As such, these barriers could be an effective tool for precluding these species from
entering the interior Delta, where mortality may be higher than in the main channels of the
Sacramento and San Joaquin Rivers. There is little potential to inhibit white and green sturgeon or
Pacific and river lamprey from entering the interior Delta because these species have little
sensitivity to the acoustic deterrence of the nonphysical barriers; further, in the case of deep
channels, the barriers are not constructed to include the channel bottom‘area where benthic-
oriented species like sturgeon would be migrating. The effectiveness of nonphysical barriers will
depend on the water-velocity characteristics in the vicinity of the barrier and on the extent to which
predatory fish congregate along the barrier.

However, nonphysical barriers could be encountered by upstream migrating adult anadromous
fishes (e.g., winter- and spring-run Chinook salmon, steelhead, Sacramento splittail, sturgeons, and
lampreys). The potential for impedance or delay would be low for fish with poor hearing ability
(sturgeons and lampreys), whereas the potential for impedance of the other species would increase
as water depth decreases and a greater portion of the water column is occupied by the barrier.
Ongoing testing at Georgiana Slough.and the head of the Old River will provide more insight into the
potential effectiveness of CM 16 under various flow and geomorphic conditions, as will monitoring,
research, and adaptive management of the CM.

Conclusion 11. Reduced Sacramento River flows may reduce longfin smelt and delta smelt larval
transport, with the potential to reduce survival for longfin smelt.

Decreased transport flows in the lower Sacramento River have been identified as one mechanism
that could adversely affect the growth and survival of larval delta and longfin smelt. Compared to
existing biological conditions, the preliminary proposal reduces Delta outflows during the winter-
spring delta smelt and longfin smelt larval period, potentially reducing downstream longfin larval
transport and subsequent survival. Projected reductions assume a direct relationship between
outflow (expressed as X2) and longfin smelt abundance. However, the correlation is not understood,
and it may not reflect larval transport but may instead be reflective of some other relationship. The
longfin smelt analysis estimated that once climate change-related flow effects had been factored
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Effects Analysis Conclusions

out, changes in outflow during the larval period have the potential to reduce abundance of older life
stages represented in Bay-Delta trawl surveys by 8-24% in the ELT and 1-18% in the LLT on
average. Results of particle tracking modeling for longfin smelt estimated that the potential for
emigration to the LSZ in Suisun Bay (as represented by the number of particles reaching Martinez)
was on average 0-8% lower under the preliminary proposal compared with existing biological
conditions when accounting for climate change-related effects.

For delta smelt, larval transport under the preliminary proposal as assessed by particle tracking
ranged from little difference from existing conditions up to 20% less, after accounting for flow-
related climate change effects. In contrast to longfin smelt, relationships estimating subsequent
abundance of older life stages from changes in transport flows are not present, so the estimated
changes solely reflect changed potential in larval transport.

C.7.25 Delta Area Effects

Conclusion 12. Changes in Sacramento River flow may resultin an overall decrease in channel
margin bench habitat, but restoration will offset this effect.

Results of the analysis of the effects of changes’in Sacramento River flow and water surface elevation
on channel margin bench habitat showed site-specific differences attributable to site elevation and
the interplay of differing flows and other effects such as tidal muting from the preliminary proposal.
At the north Delta sites, inundation frequency under the preliminary proposal was on average
similar to or lower than under existing conditions, whereas average inundation duration was lower
in the early long-term and higher in the late long-term. At the Cache Slough site, considerable
increases in inundation frequency and duration under the preliminary proposal may be a result of
the site’s low elevation combining with tidal dampening because of restoration. Reduetions in bench
habitat inundation at existing sites may be offset by restoration at other sites within the North Delta
and Cache Slough subregions, as described for CM 4 (Tidal Habitat Restoration) and analyzed in
Appendix F, Habitat Restoration,

Conclusion 13. The reduction in OMR reverse flows and the corresponding increase in net positive
downstream flows through the south Delta channelsare expected to improve migration cues,
improve migration rates and pathways, and contribute to improved larval and juvenile survival
and reduced adult straying; reverse OMR flows will be greater in certain water-year types.

As aresult of preliminary proposal operations, the frequency and magnitude of OMR reverse flows
are expected to be reduced significantly during the late winter and spring period for wet, above
normal, and critical years, which coincides with the seasonal period of migration of many of the
juvenile fish such as Chinook salmon, steelhead, larval and juvenile delta and longfin smelt, and
juvenile splittail through the interior Delta channels. The predicted improvements in south Delta
flow conditions (significantly reduced OMR reverse flows, improved net positive downstream flows,
improved olfactory cues, and attraction flows for the San Joaquin River and its tributaries) are
significant benefits of the PP operations on flow conditions affecting habitat, migration, and survival
of fish inhabiting the Delta.

Improved hydrologic conditions in the south Delta in response to proposed project operations are
expected to contribute to improvement in the flow cues followed by juvenile and adult fish passing
upstream and downstream through the Delta and thereby improve migration and survival and
reduce straying. Reduction in OMR reverse flows also is expected to reduce the movement of
planktonic larval and juvenile fish (e.g., delta and longfin smelt, Chinook salmon) from the
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Effects Analysis Conclusions

1 Sacramento River through the interior Delta to the south Delta and thereby improve their survival

2 and abundance. However, as noted in Appendix B (Entrainment), OMR reverse flows may be

3 increased in the late winter/spring in drier water-year types because of export restrictions at the

4 north Delta intakes, which would negatively affect species present there at the time, such as juvenile

5 spring-run Chinook salmon and larval-juvenile delta smelt.

6 In dry and below normal water years, the reverse OMR flows are increased compared to existing

7 biological conditions, which may translate to adverse effects on Chinook salmon and splittail

8 juveniles, and delta smelt and longfin smelt larvae and juveniles. However, the reverse OMR flows

9 under the preliminary proposal for all water years are still within the requirements of the NMFS and
10 USFWS BiOps for CVP and SWP operations, and the biological response of these species to relatively
11 small OMR reverse flow changes may not result in adverse changes in species survival.
12 Conclusion 14. Increased Yolo Bypass inundation will create substantial biological benefits to
13 Sacramento splittail spawning and rearing, with other species likely to benefit; stranding risk is
14 generally low.
15 Based on results of hydrologic models, modification to the Fremont Weir to increase inundation of
16 the Yolo Bypass floodplain during the winter and spring menths (CM 2) would create substantial
17 biological benefits to splittail spawning success and rearing; increased benefits to rearing and
18 migration by other juvenile and adult fish also are expected. The benefits of enhanced growth for
19 Chinook salmon fry on the Yolo Bypassare examined in Appendix F, Ecological Effects. The benefits
20 of increased inundation to splittail were found to be greatest in wet, above normal, and below
21 normal water years, when seasonal flows in the Sacramento River are greatest.In these water-year
22 types, habitat area for splittail was on average 60-300% greater under the preliminary proposal
23 scenarios compared to existing biological conditions. The anticipated benefits would be greatest for
24 those fish that rear in floodplain habitats as juveniles during downstream migration, including
25 juvenile winter- and fall-run Chinook salmon. Other fish such as steelhead, late fall-run Chinook
26 salmon, green and white sturgeon, and Pacific lamprey would be expected to benefit from using the
27 flooded bypass as a migratory corridor, but would not be expected to rear extensively in the flooded
28 area. Splittail, which spawn on seasonally inundated floodplain-habitat, would be expected to benefit
29 from access to spawning and juvenile rearing floodplain habitat. There is little or no change in
30 inundation ofthe Yolo Bypass floodplain in dry and critically dry years when river flows are low.
31 Fish'species such as splittail and juvenile Chinook salmon that historically used seasonally
32 inundated floodplain habitat for spawning or juvenile rearing have adapted behavior to respond to
33 flow recessions and draining of floodplain habitat. The DRERIP analysis of stranding suggested low
34 magnitude of negative effect for all species examined other than juvenile steelhead, for which the
35 potential for stranding was assessed to be slightly higher. In general, the risk of stranding juvenile
36 fish in the Yolo Bypass has not been identified as a major potential source of mortality but will be
37 informed by monitoring and adaptive management of improvements to the floodplain.
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Effects Analysis Conclusions

Conclusion 15. The delta smelt fall abiotic habitat index is estimated to be similar between the
preliminary proposal and existing biological conditions in the drier 40-50% of years and will be
lower under the preliminary proposal in the wetter 50-60% of years, with the magnitude of
difference depending on existing biological conditions; if occupied by delta smelt, restored habitat
may decrease the magnitude of difference in wetter years and result in a greater habitat index in
drier years.®

The delta smelt fall abiotic habitat index was lower under the preliminary proposal relative to
existing biological conditions, particularly for years with higher flow (Table C.1-3). The greatest
differences were for years with higher flow under the EBC2 scenarios, which incorporated the
USFWS (2008) BiOp requirements for Fall X2 in above normal and wet years. The differences were
relatively low between EBC1 and preliminary proposal scenarios because the requirements for Fall
X2 were not included under the modeling for EBC1. Under the assumption that restored areas have
abiotic characteristics similar to adjacent areas, the magnitude of the reductions under the
preliminary proposal may be reduced in wetter years, and there may bea similar or greater habitat
index in drier years (Table C.1-3). However, this assumption will depend on the characteristics in
the ROAs, a topic explored in more detail in Appendix E (Habitat Restoration). The likely change in
the X2-abiotic habitat index relationship under future configurations of the Delta and the potential
influence of additional factors such as water temperature add uncertainty to potential effects.
Monitoring in restored areas will provide information on physicochemical characteristics of the new
habitat to inform the nature of changes in the delta smelt fall habitat index. Fish sampling in these
new areas also will reveal the actual extent to which the areas are used by delta smelt.

5 The scientific value of the abiotic habitat method and its application is currently the subject of Endangered Species
Actlitigation between USFWS, DWR and the public water agencies, has been under scientific review, and is the
subject of ongoing data collection and evaluation. The utility of the results of this method, along with other methods
used to evaluate delta smelt habitat, will be reported in Chapter 5.

Bay Delta Conservation Plan C.7-20 December 2011
Working Draft ' ICF 00610.10



	20120203_City_of_Antioch 231.pdf
	20120203_City_of_Antioch 232
	20120203_City_of_Antioch 233
	20120203_City_of_Antioch 234
	20120203_City_of_Antioch 235
	20120203_City_of_Antioch 236
	20120203_City_of_Antioch 237
	20120203_City_of_Antioch 238
	20120203_City_of_Antioch 239
	20120203_City_of_Antioch 240
	20120203_City_of_Antioch 241
	20120203_City_of_Antioch 242
	20120203_City_of_Antioch 243
	20120203_City_of_Antioch 244
	20120203_City_of_Antioch 245
	20120203_City_of_Antioch 246
	20120203_City_of_Antioch 247
	20120203_City_of_Antioch 248
	20120203_City_of_Antioch 249
	20120203_City_of_Antioch 250
	20120203_City_of_Antioch 251
	20120203_City_of_Antioch 252
	20120203_City_of_Antioch 253
	20120203_City_of_Antioch 254
	20120203_City_of_Antioch 255
	20120203_City_of_Antioch 256
	20120203_City_of_Antioch 257
	20120203_City_of_Antioch 258
	20120203_City_of_Antioch 259
	20120203_City_of_Antioch 260
	20120203_City_of_Antioch 261
	20120203_City_of_Antioch 262
	20120203_City_of_Antioch 263
	20120203_City_of_Antioch 264
	20120203_City_of_Antioch 265
	20120203_City_of_Antioch 266
	20120203_City_of_Antioch 267
	20120203_City_of_Antioch 268
	20120203_City_of_Antioch 269
	20120203_City_of_Antioch 270
	20120203_City_of_Antioch 271
	20120203_City_of_Antioch 272
	20120203_City_of_Antioch 273
	20120203_City_of_Antioch 274
	20120203_City_of_Antioch 275
	20120203_City_of_Antioch 276
	20120203_City_of_Antioch 277
	20120203_City_of_Antioch 278
	20120203_City_of_Antioch 279
	20120203_City_of_Antioch 280
	20120203_City_of_Antioch 281
	20120203_City_of_Antioch 282
	20120203_City_of_Antioch 283
	20120203_City_of_Antioch 284
	20120203_City_of_Antioch 285
	20120203_City_of_Antioch 286
	20120203_City_of_Antioch 287
	20120203_City_of_Antioch 288
	20120203_City_of_Antioch 289
	20120203_City_of_Antioch 290
	20120203_City_of_Antioch 291
	20120203_City_of_Antioch 292
	20120203_City_of_Antioch 293
	20120203_City_of_Antioch 294
	20120203_City_of_Antioch 295
	20120203_City_of_Antioch 296



